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GENERAL INFORMATION 



iii 



ORDERING INFORMATION 



DEVICE 



PACKAGE 
TYPE 



OPERATING ORDERING 
TEMP. NUMBER 
RANGE 
(CELSIUS) 



SPEED 
OR 

VERSION 



DS0620 
DS1000 



DS1003 



DS1004 



DS1005 



DS1007 



SOFTWARE 


N/A 


DS0620 


TMEX 


14-Pin DIP 


0to70 


DS1 000-xxx 


xxx = 020 to 500 ns 


14-Pin DIP Sheared NC 


0to70 


DS1 OOOK-xxx 


xxx ■ 020 to 500 ns 


8-Pin DIP 


0to70 


DS1 OOOM-xxx 


xxx = 020 to 500 ns 


14-Pin GULLWING 


Oto 70 


DS1 000G— xxx 


xxx = 020 to 500 ns 


8-Pin GULLWING 


Oto 70 


DS1000H— xxx 


xxx = 020 to 500 ns 


1 6-Pin SOIC 


Oto 70 


DS1000S— xxx 


xxx = 020 to 500 ns 


8-Pin SOIC 


Oto 70 


DS1000Z— xxx 


xxx = 020 to 500 ns 


8-Pin DIP 


Oto 70 


DS1003M-16 




8-Pin DIP 


Oto 70 


DS1003M-20 




8-Pin DIP 


Oto 70 


DS1003M-25 




8-Pin DIP 


Oto 70 


DS1003M-33 




8-Pin DIP 


Oto 70 


DS1003M-40 




8-Pin GULLWING 


Oto 70 


DS1003H-16 




8-Pin GULLWING 


Oto 70 


DS1003H-20 




8-Pin GULLWING 


Oto 70 


DS1003H-25 




8-Pin GULLWING 


Oto 70 


DS1003H-33 




8-Pin GULLWING 


Oto 70 


DS1003I-M0 




14-Pin DIP 


Oto 70 


DS1003-16 




14-Pin DIP 


Oto 70 


DS1 003-20 




14-Pin DIP 


Oto 70 


DS 1003-25 




14-Pin DIP 


Oto 70 


DS 1003-33 




14-Pin DIP 


Oto 70 


DS 1003-40 




14-Pin GULLWING 


Oto 70 


DS1003G-16 




14-Pin GULLWING 


Oto 70 


DS1003G-20 




14-Pin GULLWING 


Oto 70 


DS1003G-25 




14-Pin GULLWING 


Oto 70 


DS1003G-33 




14-Pin GULLWING 


Oto 70 


DS1003G-40 




8-Pin DIP 


Oto 70 


DS1004M-002 


13 ns total delay 


8-Pin DIP 


Oto 70 


DS1004M-003 


1 7 ns total delay 


8-Pin DIP 


Oto 70 


DS1004M-004 


21 ns total delay 


8-Pin DIP 


Oto 70 


DS1004M-005 


25 ns total delay 


8-Pin SOIC 


Oto 70 


DS1004Z-002 


1 3 ns total delay 


8-Pin SOIC 


Oto 70 


DS1004Z-003 


1 7 ns total delay 


8-Pin SOIC 


Oto 70 


DS1004Z-004 


21 ns total delay 


8-Pin SOIC 


Oto 70 


DS1004Z-005 


25 ns total delay 


14-Pin DIP 


Oto 70 


DS1 005-xxx 


xxx = 060 to 250 ns 


14-Pin DIP Sheared NC 


Oto 70 


DS1005K-xxx 


xxx = 060 to 250 ns 


8-Pin DIP 


Oto 70 


DS1 005M— xxx 


xxx = 060 to 250 ns 


14-Pin GULLWING 


Oto 70 


DS1005G— xxx 


xxx = 060 to 250 ns 


8-Pin GULLWING 


Oto 70 


DS1005H— xxx 


xxx = 060 to 250 ns 


16-Pin SOIC 


Oto 70 


DS1005S— xxx 


xxx = 060 to 250 ns 


16-Pin DIP 


Oto 70 


DS1 007-xxx 


xxx = 001 to 01 4 


16-Pin SOIC 


Oto 70 


DS1 007S-xxx 


xxx = 001 to 014 
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ORDERING INFORMATION 



DEVICE PACKAGE OPERATING ORDERING SPEED 

TYPE TEMP. NUMBER OR 

RANGE VERSION 
(CELSIUS) 



DS1010 



DS1012 



DS1013 



DS1020 



DS1033 
DS1035 



DS1040 



14-Pin DIP 0to70 DS1010-XXX 

14-Pin GULLWING 0to70 DS1010G-xxx 

1 6-Pin SOIC to 70 DS1 01 OS-xxx 

8-Pin DIP 0to70 DS1012M-xxx 

8-Pin GULLWING 0to70 DS1012H-xxx 

8-Pin SOIC 0to70 DS1012Z— xxx 

14-Pin DIP 0to70 DS1013-xxx 

8-Pin DIP 0to70 DS1013M— xxx 

14-Pin GULLWING 0to70 DS1013G— xxx 

8-Pin GULLWING 0to70 DS1013H-xxx 

1 4-Pin Sheared to 70 DS1 01 3K-xxx 

16-Pin SOIC 0to70 DS1013S-xxx 

16-Pin DIP 0to70 DS1020-15 

16-Pin DIP 0to70 DS1 020-25 

16-Pin DIP 0to70 DS1020-50 

16-Pin DIP 0to70 DS1020-100 

1 6-Pin DIP to 70 DS1 020-200 

1 6-Pin SOIC to 70 DS1 020S-1 5 

1 6-Pin SOIC to 70 DS1 020S-25 

1 6-Pin SOIC to 70 DS1 020S-50 

16-Pin SOIC 0to70 DS1020S-100 

1 6-Pin SOIC to 70 DS1 020S-200 

8-Pin DIP 0to70 DS1033M-xxx 

8-Pin SOIC to 70 DS1 033Z-xxx 

20-Pin TSSOP to 70 DS1 033E-xxx 

8-Pin DIP to 70 DS1 035M-xxx 

8-Pin SOIC 0to70 DS1035Z-xxx 

20-Pin TSSOP 0to70 DS1035E-xxx 

8-Pin DIP 0to70 DS1040M-75 

8-Pin DIP 0to70 DS1040M-100 

8-Pin DIP 0to70 DS1040M-150 

8-Pin DIP 0to70 DS1040M-200 

8-Pin DIP 0to70 DS1040M-250 

8-Pin DIP 0to70 DS1040M-500 

8-Pin DIP to 70 DS1 040M-B50 

8-Pin DIP to 70 DS1 040M-D60 

8-Pin DIP 0to70 DS1040M-A15 

8-Pin DIP to 70 DS1 040M-A20 

8-Pin DIP 0to70 DS1040M-A32 

8-Pin DIP 0to70 DS1040M-B40 

8-Pin DIP 0to70 DS1040M-D70 

8-Pin GULLWING 0to70 DS1040H-75 

8-Pin GULLWING 0to70 DS1040H-100 

8-Pin GULLWING to 70 DS1 040H-1 50 

8-Pin GULLWING to 70 DS1 040H-200 

8-Pin GULLWING 0to70 DS1040H-250 



xxx = 050 to 500 ns 
xxx = 050 to 500 ns 
xxx m 050 to 500 ns 



xxx = 01 to 200 ns 
xxx = 01 to 200 ns 
xxx = 010 to 200 ns 
xxx = 01 to 200 ns 
xxx = 01 to 200 ns 
xxx = 01 to 200 ns 
0.15 ns Steps 
0.25 ns Steps 
0.50 ns Steps 
1 .00 ns Steps 
2.00 ns Steps 
0.15 ns Steps 
0.25 ns Steps 
0.50 ns Steps 
1 .00 ns Steps 
2.00 ns Steps 
xxx = 008 to 030 ns 
xxx = 008 to 030 ns 
xxx = 008 to 030 ns 
xxx = 006 to 030 ns 
xxx = 006 to 030 ns 
xxx = 006 to 030 ns 
75 ns max pulse width 
100 ns max pulse width 
150 ns max pulse width 
200 ns max pulse width 
250 ns max pulse width 
500 ns max pulse width 
50 ns max pulse width 
60 ns max pulse width 
15 ns max pulse width 
20 ns max pulse width 
32.5 ns max pulse width 
40 ns max pulse width 
70 ns max pulse width 
75 ns max pulse width 
1 00 ns max pulse width 
1 50 ns max pulse width 
200 ns max pulse width 
250 ns max pulse width 



DEVICE 


PACKAGE 


OPERATING 


ORDERING 


SPEED 




TYPE 


TEMP. 


NUMBER 


OR 






RANGE 
(CELSIUS) 




VERSION 




8-Pin GULLWING 


to 70 


DS1 040H-500 


500 ns max pulse width 




8-Pin GULLWING 


to 70 


DS1 040H-B50 


50 ns max pulse width 




8-Pin GULLWING 


to 70 


DS1040H-D60 


60 ns max pulse width 




8-Pin GULLWING 


Oto 70 


DS1040H-A15 


15 ns max pulse width 




8-Pin GULLWING 


to 70 


DS1 040H-A20 


20 ns max pulse width 




8-Pin GULLWING 


to 70 


DS1 040H-A32 


32.5 ns max pulse width 




8-Pin GULLWING 


to 70 


DS1 040H-B40 


40 ns max pulse width 




8-Pin GULLWING 


to 70 


DS1040H-D70 


70 ns max pulse width 




8-Pin SOIC 


to 70 


DS1040Z-75 


75 ns max pulse width 




8-Pin SOIC 


Oto 70 


DS1 040Z-1 00 


100 ns max pulse width 




8-Pin SOIC 


Oto 70 


DS1040Z-150 


1 50 ns max pulse width 




8-Pin SOIC 


Oto 70 


DS1 040Z-200 


200 ns max pulse width 




8-Pin SOIC 


Oto 70 


DS1 040Z-250 


250 ns max pulse width 




8-Pin SOIC 


Oto 70 


DS1 040Z-500 


500 ns max pulse width 




8-Pin SOIC 


Oto 70 


DS1 040Z-B50 


50 ns max pulse width 




8-Pin SOIC 


Oto 70 


DS1 040Z-D60 


60 ns max pulse width 




8-Pin SOIC 


Oto 70 


DS1040Z-A15 


15 ns max pulse width 




8-Pin SOIC 


Oto 70 


DS1040Z-A20 


20 ns max pulse width 




8-Pin SOIC 


Oto 70 


DS1040Z-A32 


32.5 ns max pulse width 




8-Pin SOIC 


Oto 70 


DS1040Z-B40 


40 ns max pulse width 




8-Pin SOIC 


to 70 


DS1 040Z-D70 


70 ns max pulse width 


DS1044 


14-Pin DIP 


Oto 70 


DS1044-xxx 


xxx = 005 to 025 ns 




14-Pin GULLWING 


Oto 70 


DS1 044G-xxx 


xxx = 005 to 025 ns 




14-Pin SOIC 


Oto 70 


DS1 044R-xxx 


xxx = 005 to 025 ns 


DS1045 


16-Pin DIP 


Oto 70 


DS1 045-2 


2 ns Steps 




16-Pin DIP 


Oto 70 


DS1 045-3 


3 ns Steps 




16-Pin DIP 


Oto 70 


DS1 045-4 


4 ns Steps 




16-Pin DIP 


Oto 70 


DS1 045-5 


5 ns Steps 




16-Pin SOIC 


Oto 70 


DS1 045S-2 


2 ns Steps 




16-Pin SOIC 


Oto 70 


DS1 045S-3 


3 ns Steps 




16-Pin SOIC 


Oto 70 


DS1 045S^l 


4 ns Steps 




16-Pin SOIC 


Oto 70 


DS1 045S-5 


5 ns Steps 


DS1200 


10-Pin DIP 


Oto 70 


DS1 200 






10-Pin DIP 


-40 to +85 


DS1200N 






16-Pin SOIC 


Oto 70 


DS1200S 






16-Pin SOIC 


-40 to +85 


DS1 200SN 




DS1201 


Electronic Key/Tag 


Oto 70 


DS1201 




DS1202 


8-Pin DIP 


Oto 70 


DS1202 


24 x 8 RAM 




8-Pin DIP 


-^l-O to +85 


DS1202N 


24 x 8 RAM 




8-Pin SOIC 


Oto 70 


DS1202S-8 


24 x 8 RAM 




16-Pin SOIC 


Oto 70 


DS1202S 


24 x 8 RAM 




16-Pin SOIC 


-40 to +85 


DS1202SN 


24 x 8 RAM 


DS1204V 


Electronic Key/Tag 


to +70 


DS1204U-G01 


Generic Code #1 






to +70 


DS1204U-G02 


Generic Code #2 






to +70 


DS1204U-G03 


Generic Code #3 






to +70 


DS1204U-G04 


Generic Code #4 
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DEVICE 


PACKAGE 


OPERATING 


ORDERING 


SPEED 




TYPE 


TEMP. 


NUMBER 


OR 






RANGE 
(CELSIUS) 




VERSION 






to +70 


DS1204U-G05 


Generic Code #5 






to +70 


DS1 204 U— xxx 


xxx = 011 to 999 






to +70 


DS1204U-G1C 


Generic Code #1 w/cap 






to +70 


DS1204U-G2C 


Generic Code #2 w/cap 






to +70 


DS1204U-G3C 


Generic Code #3 w/cap 






to +70 


DS1204U-G4C 


Generic Code #4 w/cap 






to +70 


DS1204U-G5C 


Generic Code #5 w/cap 


DS1205S 


16-Pin SOIC 


to +70 


DS1205S 






1 6-Pin SOIC 


-40 to +85 


DS1205SN 




DS1205V 


Electronic Key/Tag 


to +70 


DS1205U 




DS1206 


14-Pin DIP 


Oto 70 


DS1206 






14-Pin DIP 


-40 to +85 


DS1206N 






16-Pin SOIC 


Oto 70 


DS1206S 






16-Pin SOIC 


-40 to +85 


DS1206SN 




DS1207 


Electronic Key/Tag 


to +70 


DS1207-G01 


Generic Code #1 






to +70 


DS1207-G02 


Generic Code #2 






to +70 


DS1207-G03 


Generic Code #3 






to +70 


DS1207-G04 


Generic Code #4 






to +70 


DS1207-G05 


Generic Code #5 






to +70 


DS1207-xxx 


xxx = 001 to 999 






to +70 


DS1207-G1C 


Generic Code #1 w/cap 






to +70 


DS1207-G2C 


Generic Code #2 w/cap 






to +70 


DS1207-G3C 


Generic Code #3 w/cap 






to +70 


DS1207-G4C 


Generic Code #4 w/cap 






to +70 


DS1207-G5C 


Generic Code #5 w/cap 


DS1210 


8-Pin DIP 


Oto 70 


DS1210 






8-Pin DIP 


-40 to +85 


DS1210N 






16-Pin SOIC 


Oto 70 


DS1210S 






16-Pin SOIC 


-40 to +85 


DS1210SN 




DS1211 


20-Pin DIP 


Oto 70 


DS1211 






20-Pin DIP 


-40 to +85 


DS1211N 






20-Pin SOIC 


Oto 70 


DS1211S 






20-Pin SOIC 


-40 to +85 


DS1211SN 




DS1212 


28-Pin DIP 


Oto 70 


DS1212 






28-Pin DIP 


-40 to +85 


DS1212N 






28-Pin PLCC 


Oto 70 


DS1212Q 






28-Pin PLCC 


-40 to +85 


DS1212QN 




DS1213B 


Socket 


Oto 70 


DS1213B 




DS1213C 


Socket 


Oto 70 


DS1213C 




DS1213D 


Socket 


Oto 70 


DS1213D 




DS1215 


16-Pin DIP 


Oto 70 


DS1215 






16-Pin DIP 


-40 to +85 


DS1215N 






16-Pin SOIC 


Oto 70 


DS1215S 




DS1216B 


28-Pin Socket 


Oto 70 


DS1216B 


16K/64K RAM 


DS1216C 


28-Pin Socket 


Oto 70 


DS1216C 


64K/256K RAM 


DS1216D 


32-Pin Socket 


Oto 70 


DS1216D 


256K/1MRAM 



vii 



ORDERING INFORMATION 



DEVICE PACKAGE OPERATING ORDERING SPEED 

TYPE TEMP. NUMBER OR 

RANGE VERSION 
(CELSIUS) 



DS1216E 


28-Pin Socket 


0to70 


DS1216E 


64K/256K ROM 


DS1216F 


32-Pin Socket 


0to70 


DS1216F 


64K/256K/1 M RON 


DS1217A 




Oto+70 


DS1217A16K-25 


16K Bit Density 






to +70 


DS1217A64K-25 


64K Bit Density 






to +70 


DS1217A128K-25 


128K Bit Density 






to +70 


DS1217A192K-25 


192K Bit Density 






to +70 


DS1217A256K-25 


256K Bit Density 


DS1217M 




0to+70 


DS1 21 7M 512-25 


51 2K Bit Density 






to +70 


DS1217M1-15 


1 Megabit Density 






to +70 


DS1217M2-25 


2 Megabit Density 






to +70 


DS1217M3-25 


3 Megabit Density 






to +70 


DS1217M4-25 


4 Megabit Density 


DS1218 


8-Pin DIP 


0to70 


DS1218 






8-Pin SOIC 


0to70 


DS1218S 




DS1 220AB/AD 24-Pin Encap. DIP 


to +70 


DS1220AB-200 


200 ns 




24-Pin Encap. DIP 


to +70 


DS1220AB-150 


150 ns 




24-Pin Encap. DIP 


to +70 


DS1220AB-120 


120 ns 




24-Pin Encap. DIP 


to +70 


DS1220AB-100 


100 ns 




24-Pin Encap. DIP 


-40 to +85 


DS1220AB-200-IND 


200 ns 




24-Pin Encap. DIP 


-40 to +85 


DS1220AB-100-IND 


100 ns 




24-Pin Encap. DIP 


Oto+70 


DS1220AD-200 


200 ns 




24-Pin Encap. DIP 


Oto+70 


DS1220AD-150 


150 ns 




24-Pin Encap. DIP 


to +70 


DS1220AD-120 


120 ns 




24-Pin Encap. DIP 


to +70 


DS1220AD-100 


100 ns 




24-Pin Encap. DIP 


-40 to +85 


DS1220AD-200-IND 


200 ns 




24-Pin Encap. DIP 


-40 to +85 


DS1220AD-100-IND 


100 ns 


DS1220Y 


24-Pin Encap. DIP 


0to70 


DS1220Y-200 


200 ns 




24-Pin Encap. DIP 


0to70 


DS1220Y-150 


150 ns 




24-Pin Encap. DIP 


Oto 70 


DS1220Y-120 


120 ns 




24-Pin Encap. DIP 


0to70 


DS1220Y-100 


100 ns 




24-Pin Encap. DIP 


-40 to +85 


DS1220Y-200-IND 


200 ns 




24-Pin Encap. DIP 


-40 to +85 


DS1220Y-100-IND 


100 ns 


DS1221 


16-Pin DIP 


Oto 70 


DS1221 






16-Pin DIP 


-40 to +85 


DS1221N 






16-Pin SOIC 


Oto 70 


DS1221S 






16-Pin SOIC 


-40 to +85 


DS1221SN 




DS1222 


14-Pin DIP 


Oto 70 


DS1222 






14-Pin DIP 


-40 to +85 


DS1222N 






16-Pin SOIC 


Oto 70 


DS1222S 






16-Pin SOIC 


-40 to +85 


DS1222SN 




DS1225AB/AD 


28-Pin Encap. DIP 


Oto 70 


DS1225AB-200 


200 ns 




28-Pin Encap. DIP 


Oto 70 


DS1225AB-150 


150 ns 




28-Pin Encap. DIP 


Oto 70 


DS1225AB-85 


85 ns 




28-Pin Encap. DIP 


Oto 70 


DS1225AB-70 


70 ns 




28-Pin Encap. DIP 


-40 to +85 


DS1225AB-200-IND 


200 ns 




28-Pin Encap. DIP 


-40 to +85 


DS1225AB-150-IND 


150 ns 
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DEVICE PACKAGE OPERATING ORDERING SPEED 

TYPE TEMP. NUMBER OR 

RANGE VERSION 
(CELSIUS) 





OO Din CTnuin HID 

2o— rin tncap. uir 


— 4U 10 +oo 


HOI OOE AD 7fL_IMn 


70 ns 




O O Din Cnnn n I"*! 1 D 

^o— rnn tncap. uir 


ft +r\ 7ft 

U TO f\J 


noH oocAn on.ft 


200 ns 




^o— rin hncap. Ulr 


ft +n 7ft 
TO 70 


noioocAn hca 
Uo 1 ^i!oAU-l OU 


ibu ns 




28-Pin Encap. DIP 


ft +n 7ft 

TO 70 


Uol 225AU— bo 


OC no 

oo ns 




28-Pin Encap. DIP 


to 70 


nCHOICAR 7ft 

Ub1225AU— 70 


70 ns 




28-Pin Encap. DIP 


—40 to +85 


Db 1 225AU—200— INU 


200 ns 




28-Pin Encap. DIP 


—40 10 +85 


r™\0 4 OOC A r~\ H Eft IMR 

Ub 1 225AU— 1 50— 1 NU 


150 ns 




28-Pin Encap. DIP 


-40 to +85 


DS1 225AD-70-IND 


70 ns 


DS1 225Y 


28-Pin Encap. DIP 


OtO 70 


no< oftcv ftftft 

DS1225Y-200 


200 ns 




28-Pin Encap. DIP 


OtO 70 


DS1225Y-170 


170 ns 




28-Pin Encap. DIP 


to 70 


Ub1225Y— 150 


150 ns 




28-Pin Encap. DIP 


-40 to +85 


DS1 225Y-200— IND 


200 ns 




28-Pin Encap. DIP 


-40 to +85 


DS1 225Y-1 50-IND 


150 ns 


DS1228 


16-Pin DIP 


to 70 


DS1228 






16-Pin SOIC 


to 70 


r-\ r> a n.n.nf\ 

DS1 228S 




DS1229 


20-Pin DIP 


Oto 70 


DS1229 






20-Pin SOIC 


to 70 


|— \ f~\ j nnn^\ 

DS1229S 




DS1 230Y/AB 


28-Pin Encap. DIP 


to 70 


r~v f\ a nnn A n n.nn 

DS1 230AB-200 


200 ns 




28-Pin Encap. DIP 


Oto 70 


DS1230AB-150 


150 ns 




28-Pin Encap. DIP 


to 70 


DS1 230AB-1 20 


120 ns 




28-Pin Encap. DIP 


to 70 


r~\ f\ j nn n A n A r\ f\ 

DS1 230AB-1 00 


100 ns 




28-Pin Encap. DIP 


Oto 70 


DS1 230AB-85 


85 ns 




28-Pin Encap. DIP 


to 70 


r~v a nnn A r~\ —rr\ 

DS1 230AB-70 


70 ns 




28-Pin Encap. DIP 


-40 to +85 


DS1 230AB-200-IND 


200 ns 




28-Pin Encap. DIP 


—40 to +85 


r*\c»-i n.nnAf» a r\r\ i k irs 

DS 1 230AB-1 20-IND 


120 ns 




28-Pin Encap. DIP 


—40 to +85 


DS1 230AB-70-IND 


70 ns 




28-Pin Encap. DIP 


to 70 


DS1 230Y-200 


200 ns 




28-Pin Encap. DIP 


to 70 


DS1230Y-150 


150 ns 




28-Pin Encap. DIP 


to 70 


|— v n j nn n\ / 4 n.n 

DS1230Y-120 


120 ns 




28-Pin Encap. DIP 


Oto 70 


DS1230Y-100 


100 ns 




28-Pin Encap. DIP 


Oto 70 


DS1230Y-85 


85 ns 




28-Pin Encap. DIP 


to 70 


DS1230Y-70 


70 ns 




28-Pin Encap. DIP 


-40 to +85 


DS 1 230 Y-200-I N D 


200 ns 




28-Pin Encap. DIP 


-40 to +85 


DS1230Y-1 20-IND 


120 ns 




28-Pin Encap. DIP 


-40 to +85 


DS1230Y-70-IND 


70 ns 


DS1231 


8-Pin DIP 


Oto 70 


DS1231-20 


20 




8-Pin DIP 


Oto 70 


DS1231-35 


35 




8-Pin DIP 


Oto 70 


DS1 231-50 


50 




8-Pin DIP 


-40 to +85 


DS1231N-20 


20 




8-Pin DIP 


-40 to +85 


DS1231N-35 


35 




8-Pin DIP 


-40 to +85 


DS1231N-50 


50 




8-Pin GULLWING 


Oto 70 


DS1231G-20 


20 




8-Pin GULLWING 


Oto 70 


DS1231G-35 


35 




8-Pin GULLWING 


Oto 70 


DS1231G-50 


50 




8-Pin GULLWING 


-40 to +85 


DS1231GN-20 


20 




8-Pin GULLWING 


-40 to +85 


DS1231GN-35 


35 



ix 



ORDERING INFORMATION 



DEVICE 


PACKAGE 


OPERATING 


ORDERING 


SPEED 






TYPE 


TEMP. 

RANGE 

(CELSIUS) 


NUMBER 


OR 

VERSION 






8-Pin GULLWING 


-40 to +85 


DS1231GN-50 


50 






16-Pin SOIC 


Oto 70 


DS1231S-20 


20 






16-Pin SOIC 


Oto 70 


DS1231S-35 


35 






16-Pin SOIC 


Oto 70 


DS1231S-50 


50 






16-Pin SOIC 


-40 to +85 


DS1231SN-20 


20 






16-Pin SOIC 


-40 to +85 


DS1231SN-35 


35 






16-Pin SOIC 


-40 to +85 


DS1231SN-50 


50 




DS1232 


8-Pin DIP 


Oto 70 


DS1232 








8-Pin DIP 


-40 to +85 


DS1232N 








8-Pin GULLWING 


Oto 70 


DS1232G 








8-Pin GULLWING 


-40 to +85 


DS1232GN 








16-Pin SOIC 


Oto 70 


DS1232S 








16-Pin SOIC 


-40 to +85 


DS1232SN 






DS1232LP 


8-Pin DIP 
8-Pin DIP 


Oto 70 
-40 to +85 


DS1232LP 
DS1232LPN 








8-Pin SOIC 


Oto 70 


DS1232LPS-2 








8-Pin SOIC 


-40 to _85 


DS1232LPSN-2 








16-Pin SOIC 


Oto 70 


DS1232LPS 








16-Pin SOIC 


-40 to +85 


DS1232LPSN 






DS1 233 5V 


TO-92 


-40 to +85 


DS 1233-5 


5% MONITOR 






TO-92 


-40 to +85 


DS1 233-10 


10% MONITOR 






TO-92 


-40 to +85 


DS1233-15 


15% MONITOR 






SOT-223 


-40 to +85 


DS1233Z-5 


5% MONITOR 






SOT-223 


-40 to +85 


DS1233Z-10 


10% MONITOR 






SOT-223 


-40 to +85 


DS1233Z-15 


15% MONITOR 




DS1233A3.3V TO-92 


-40 to +85 


DS1233A-10 


10% MONITOR 






TO-92 


-40 to +85 


DS1233A-15 


15% MONITOR 






SOT-223 


-40 to +85 


DS1233AZ-10 


10% MONITOR 






SOT-223 


-40 to +85 


DS1233AZ-15 


15% MONITOR 




DS1233D5V 


TO-92 


-40 to +85 


DS1233D-5 


5% MONITOR 






TO-92 


-40 to +85 


DS1233D-10 


10% MONITOR 






TO-92 


-40 to +85 


DS1233D-15 


15% MONITOR 






SOT-223 


-40 to +85 


DS1233DZ-5 


5% MONITOR 






SOT-223 


-40 to +85 


DS1233DZ-10 


10% MONITOR 






SOT-223 


-40 to +85 


DS1233DZ-15 


15% MONITOR 




DS1234 


14-Pin DIP 


Oto 70 


DS1234 








16-Pin SOIC 


Oto 70 


DS1234S 






DS1236 


16-Pin DIP 


Oto 70 


DS1236 


10% MONITOR 






16-Pin DIP 


Oto 70 


DS1 236-5 


5% MONITOR 






16-Pin DIP 


-40 to +85 


DS1236N 


10% MONITOR 






16-Pin DIP 


-40 to +85 


DS1236N-5 


5% MONITOR 






16-Pin SOIC 


Oto 70 


DS1236S 


10% MONITOR 






16-Pin SOIC 


Oto 70 


DS1236S-5 


5% MONITOR 






16-Pin SOIC 


-40 to +85 


DS1236SN 


10% MONITOR 






16-Pin SOIC 


-40 to +85 


DS1236SN-5 


5% MONITOR 





UtVKwt 


rwu r\M o i_ 


OPFRATIMfi 
UrCnHI II1U 




SPEED 




TVDC 


TFMP 


mi IMRFR 


OR 










VERSION 






/PCI CM |C\ 






DS1236A 


16-Pin DIP 


Oto 70 


DS1236A 


10% MONITOR 




16-Pin DIP 


Oto 70 


DS1236A-5 


5% MONITOR 




16-Pin DIP 


-40 to +85 


DS1236AN 


10% MONITOR 




16-Pin DIP 


-40 to +85 


DS1236AN-5 


5% MONITOR 




16-Pin SOIC 


Oto 70 


DS1236AS 


10% MONITOR 




16-Pin SOIC 


Oto 70 


DS1236AS-5 


5% MONITOR 




16-Pin SOIC 


-40 to +85 


DS1236ASN 


10% MONITOR 




16-Pin SOIC 


-40 to +85 


DS1236ASN-5 


5% MONITOR 


DS1237 


16-Pin DIP 


Oto 70 


DS1237-X 


x = 1 to 8 




16-Pin SOIC 


Oto 70 


DS1237S-X 


x = 1 to 8 


DS1238 


16-Pin DIP 


Oto 70 


DS1238 


10% MONITOR 




16-Pin DIP 


Oto 70 


DS 1238-5 


5% MONITOR 




16-Pin DIP 


-40 to +85 


DS1238N 


10% MONITOR 




16-Pin SOIC 


Oto 70 


DS1238S 


10% MONITOR 




16-Pin SOIC 


Oto 70 


DS1238S-5 


5% MONITOR 


DS1238A 


16-Pin DIP 


Oto 70 


DS1238A 


10% MONITOR 




16-Pin DIP 


Oto 70 


DS1238A-5 


5% MONITOR 




16-Pin SOIC 


Oto 70 


DS1238AS 


10% MONITOR 




16-Pin SOIC 


Oto 70 


DS1238AS-5 


5% MONITOR 


DS1239 


16-Pin DIP 


Oto 70 


DS1239 


10% MONITOR 




16-Pin DIP 


Oto 70 


DS1 239-5 


5% MONITOR 




16-Pin DIP 


-40 to +85 


DS1239N 


10% MONITOR 




16-Pin DIP 


-40 to +85 


DS1239N-5 


5% MONITOR 




16-Pin SOIC 


Oto 70 


DS1239S 


10% MONITOR 




16-Pin SOIC 


Oto 70 


DS1239S-5 


5% MONITOR 




16-Pin SOIC 


-40 to +85 


DS1239SN 


10% MONITOR 




16-Pin SOIC 


-40 to +85 


DS1239SN-5 


5% MONITOR 


DS1243Y 


28-Pin Encap. DIP 


Oto 70 


DS1243Y 


8Kx8RAM;200 ns 


DS1244Y 


28-Pin Encap. DIP 


Oto 70 


DS1244Y-000 


32Kx8RAM;200 ns 




28-Pin Encap. DIP 


Oto 70 


DS1244Y-120 


32Kx8 RAM; 120 ns 




28-Pin Encap. DIP 


Oto 70 


DS1244Y-150 


32K x 8 RAM; 150 ns 


DS1245Y/AB 


32-Pin Encap. DIP 


Oto 70 


DS1245AB-120 


120 ns 




32-Pin Encap. DIP 


Oto 70 


DS1245AB-100 


100 ns 




32-Pin Encap. DIP 


Oto 70 


DS1245AB-85 


85 ns 




32-Pin Encap. DIP 


Oto 70 


DS1245AB-70 


70 ns 




32-Pin Encap. DIP 


-40 to +85 


DS1245AB-120-IND 


120 ns 




32-Pin Encap. DIP 


-AO to +85 


DS1245AB-70-IND 


70 ns 




32-Pin Encap. DIP 


Oto 70 


DS1245Y-120 


120 ns 




32-Pin Encap. DIP 


Oto 70 


DS1245Y-100 


100 ns 




32-Pin Encap. DIP 


Oto 70 


DS1245Y-85 


85 ns 




32-Pin Encap. DIP 


Oto 70 


DS1245Y-70 


70 ns 




32-Pin Encap. DIP 


-40 to +85 


DS1245Y-120-IND 


120 ns 




32-Pin Encap. DIP 


-40 to +85 


DS1245Y-70-IND 


70 ns 


DS1248Y 


32-Pin Encap. DIP 


Oto 70 


DS1248Y-000 


128Kx8RAM, 200 ns 




32-Pin Encap. DIP 


Oto 70 


DS1248Y-120 


128Kx8RAM; 120 ns 




32-Pin Encap. DIP 


Oto 70 


DS1248y-150 


128Kx8RAM; 150 ns 



xi 



DEVICE 



PACKAGE 
TYPE 



OPERATING 
TEMP. 
RANGE 
(CELSIUS) 



ORDERING 
NUMBER 



SPEED 
OR 

VERSION 



DS1250 




to +70 


DS1250 




DS1258K 


Kit 


N/A 


DS1258K-001 


For CyberCa 




Kit 


N/A 


DS1258K-002 


For CyberKe 


DS1259 


16-Pin DIP 


Oto 70 


DS1259 






16-Pin DIP 


-40 to +85 


DS1259N 






16-Pin SOIC 


Oto 70 


DS1259S 






16-Pin SOIC 


-40 to +85 


DS1259SN 




DS1260 




Oto 70 


DS1 260-25 


250 mAHr 






Oto 70 


DS1 260-50 


500 mAHr 






Oto 70 


DS1 260-1 00 


1000 mAHr 


DS1267 


14-Pin DIP 


Oto 70 


DS1 267-10 


10K ohms 




14-Pin DIP 


Oto 70 


DS 1267-50 


50K ohms 




14-Pin DIP 


Oto 70 


DS1 267-1 00 


100K ohms 




14-Pin DIP 


-40 to +85 


DS1267N-10 


10K ohms 




14-Pin DIP 


-40 to +85 


DS1267N-50 


50K ohms 




14-Pin DIP 


-40 to +85 


DS1267N-100 


100Kohms 




14-Pin SOIC 


Oto 70 


DS1267S-10 


10K ohms 




14-Pin SOIC 


Oto 70 


DS1267S-50 


50K ohms 




14-Pin SOIC 


Oto 70 


DS1267S-100 


100K ohms 




14-Pin SOIC 


-40 to +85 


DS1267SN-10 


10K ohms 




14-Pin SOIC 


-40 to +85 


DS1267SN-50 


50K ohms 




14-Pin SOIC 


-40 to +85 


DS1267SN-100 


100K ohms 




20-Pin TSSOP 


Oto 70 


DS1267E-10 


1 0K ohms 




20-Pin TSSOP 


Oto 70 


DS1267E-50 


50K ohms 




20-Pin TSSOP 


Oto 70 


DS1267E-100 


100Kohms 


DS1275 


8-Pin DIP 


Oto 70 


DS1275 






8-Pin SOIC 


Oto 70 


DS1275S 




DS1280 


44-Pin Flat Pack 


Oto 70 


DS1280FP-44 






80-Pin Flat Pack 


Oto 70 


DS1280FP-80 




DS1283 


28-Pin DIP 


Oto 70 


DS1283 


50 X 8 RAM 




28-Pin DIP 


-40 to +85 


DS1283N 


50 x 8 RAM 




28-Pin SOIC 


Oto 70 


DS1283S 


50 X 8 RAM 




28-Pin SOIC 


-40 to +85 


DS1283SN 


50 x 8 RAM 


DS1284 


28-Pin DIP 


Oto 70 


DS1284 


50 X 8 RAM 




28-Pin PLCC 


Oto 70 


DS1284Q 


50 X 8 RAM 




28-Pin PLCC 


-40 to +85 


DS1284QN 


50 X 8 RAM 


DS1285 


24-Pin DIP 


Oto 70 


DS1285 


50 X 8 RAM 




24-Pin DIP 


-40 to +85 


DS1285N 


50 x 8 RAM 




28-Pin PLCC 


Oto 70 


DS1285Q 


50 X 8 RAM 




28-Pin PLCC 


-40 to +85 


DS1285QN 


50 X 8 RAM 


DS1286 


28-Pin Encap. DIP 


Oto 70 


DS1286 


50 X 8 RAM 


DS1287 


24-Pin Encap. DIP 


Oto 70 


DS1287 


50 X 8 RAM 


DS1287A 


24-Pin Encap. DIP 


Oto 70 


DS1287A 


50 X 8 RAM 


DS129X 


16-Pin Encap. DIP 


Oto 70 


DS1290 






16-Pin DIP 


Oto 70 


DS1291 






16-Pin DIP 


-40 to +85 


DS1291N 





xii 



ORDERING INFORMATION 



DEVICE 


PACKAGE 


OPERATING 


ORDERING 


SPEED 




TYPE 


TEMP. 


NUMBER 


OR 






RANGE 




VERSION 






(CELSIUS^ 








24-Pin Encap. DIP 


Oto 70 


DS1292 






24-Pin DIP 


OtO 70 


DS1293 






24-Pin DIP 


-40 to +85 


DS1293N 




DS1302 


8-Pin DIP 


Oto 70 


DS1302 


31 x 8 RAM 




8-Pin DIP 


-40 to +85 


DS1302N 


31x8 RAM 




8-Pin SOIC 


Oto 70 


DS1302S 


31 x 8 RAM 




8-Pin SOIC 


-40 to +85 


DS1302SN 


31 x 8 RAM 




8-Pin SOIC (150 mils) 


Oto 70 


DS1302Z 


31 x 8 RAM 




8-Pin SOIC (150 mils) 


-40 to +85 


DS1302ZN 


31 x 8 RAM 


DS1330Y/AB 


34-Pin LPM 


Oto 70 


DS1330ABLPM-100 


100 ns 




34-Pin LPM 


Oto 70 


DS1330ABLPM-70 


70 ns 




34-Pin LPM 


Oto 70 


DS1330YLPM-100 


100 ns 




34-Pin LPM 


Oto 70 


DS1330YLPM-70 


70 ns 


DS1336 


16-Pin DIP 


Oto 70 


DS1336 






16-Pin DIP 


-40 to +85 


DS1336N 






16-Pin SOIC 


Oto 70 


DS1336S 






16-Pin SOIC 


-40 to +85 


DS1336SN 




DS1345Y/AB 


34-Pin LPM 


Oto 70 


DS1345ABLPM-100 


100 ns 




34-Pin LPM 


Oto 70 


DS1345ABLPM-70 


70 ns 




34-Pin LPM 


Oto 70 


DS1345YLPM-100 


100 ns 




34-Pin LPM 


Oto 70 


DS1345YLPM-70 


70 ns 


DS1350Y/AB 


34-Pin LPM 


Oto 70 


DS1350ABLPM-100 


100 ns 




34-Pin LPM 


Oto 70 


DS1350ABLPM-70 


70 ns 




34-Pin LPM 


Oto 70 


DS1350YLPM-100 


100 ns 




34-Pin LPM 


Oto 70 


DS1350YLPM-70 


70 ns 


DS1380 


24-Pin DIP 


Oto 70 


DS1380 






24-Pin SOIC 


Oto 70 


DS1380S 




DS1381 


24-Pin Encap. DIP 


Oto 70 


DS1381 




DS1385 


24-Pin DIP 


Oto 70 


DS1385 


4K x 8 RAM 




28-Pin SOIC 


Oto 70 


DS1385S 


4K x 8 RAM 


DS1386 


32-Pin Encap. DIP 


Oto 70 


DS1 386-8-1 20 


8K x 8 RAM; 120 ns 




32-Pin Encap. DIP 


Oto 70 


DS1 386-8-1 50 


8Kx8 RAM; 150 ns 




32-Pin Encap. DIP 


Oto 70 


DS1 386-32-1 20 


32Kx8RAM; 120 ns 




32-Pin Encap. DIP 


Oto 70 


DS1 386-32-1 50 


32K x 8 RAM; 150 ns 


DS1387 


24-Pin Encap. DIP 


Oto 70 


DS1387 


4K x 8 RAM 


DS1395 


28-Pin DIP 


Oto 70 


DS1395 


4K x 8 RAM 




28-Pin SOIC 


Oto 70 


DS1395S 


4K x 8 RAM 


DS1397 


28-Pin Encap. DIP 


Oto 70 


DS1397 


4K x 8 RAM 


DS1401 






DS1401-XX 


xx = 04 to 24, Nr. of 
Button ports 


DS1402 






DS1402RP4 


RJ-11 /Probe, 
1.2m (4 feet) 








DS1402BB4 


Two Buttons, 








DS1402BP4 


1.2m (4 feet) 
Button/Probe, 



1 .2m (4 feet) 



xiii 



ORDERING INFORMATION 



DEVICE 


PACKAGE 


OPERATING 


ORDERING 


SPEED 




TYPE 


TEMP. 

RANGE 

(CELSIUS) 


NUMBER 


OR 

VERSION 








DS1402BR4 


Button/RJ-11, 
1.2m (4 feet) 


DS1410 


Button Holder/Parallel 


0to70 


DS1410 




DS1412 


Button Holder/Serial 


0to70 


DS1412 




DS1414 


Button Holder/Network 


Oto 70 


DS1414 




DS1420 


F50 


-40 to +85 


DS1420L-F50 




DS1422 


D50 


-40 to +85 


DS14220-F50 




DS1425 


F50 


-40 to +70 


DS1425L-F50 




DS1427 


F50 


-40 to +70 


DS1427L-F50 




DS1485 


24-Pin DIP 


Oto 70 


DS1485 


8K x 8 RAM 




28-Pin SOIC 


Oto 70 


DS1485S 


8K x 8 RAM 


DS1486 


32-Pin Encap. DIP 


Oto 70 


DS1 486-1 20 


128Kx8 RAM; 120 ns 




32-Pin Encap. DIP 


Oto 70 


DS1 486-1 50 


128K x 8 RAM; 150 ns 


DS1488 


24-Pin Encap. DIP 


Oto 70 


DS1488 


8K x 8 RAM 


DS1494 


Touch Memory 


-40 to +70 


DS1494L-F5 


F5 MicroCan 


DS1495 


28-Pin DIP 


Oto 70 


DS1495 


8Kx8RAM 




28-Pin SOIC 


Oto 70 


DS1495S 


8K x 8 RAM 


DS1497 


28-Pin Encap. DIP 


Oto 70 


DS1497 


8K x 8 RAM 


DS1585 


28-Pin DIP 


Oto 70 


DS1585 


8K x 8 RAM 




28-Pin SOIC 


Oto 70 


DS1585S 


8K x 8 RAM 


DS1587 


28-Pin Encap. DIP 


Oto 70 


DS1587 


8K x 8 RAM 




34-Pin Encap. LPM 


Oto 70 


DS1587L 


8K x 8 RAM 


DS1589 


28-Pin DIP 


Oto 70 


DS1589 


8K x 8 RAM 




28-Pin SOIC 


Oto 70 


DS1589S 


8K x 8 RAM 


DS1593 


28-Pin Encap. DIP 


Oto 70 


DS1593 


8K x 8 RAM 


DS1602 


8-Pin DIP 


Oto 70 


DS1602 






8-Pin SOIC 


Oto 70 


DS1602S 




DS1603 


7-Pin Encap. SIP 


Oto 70 


DS1603 




DS1609 


24-Pin DIP 


-40 to +85 


DS1609 






24-Pin SOIC 


-40 to +85 


DS1609S 




DS1610 


16-Pin DIP 


Oto 70 


DS1610 






16-Pin DIP 


-40 to +85 


DS1610N 






16-Pin SOIC 


Oto 70 


DS1610S 






16-Pin SOIC 


^t0to+85 


DS1610SN 




DS1611 


16-Pin DIP 


Oto 70 


DS1611 






16-Pin DIP 


-40 to +85 


DS1611N 






16-Pin SOIC 


Oto 70 


DS1611S 






16-Pin SOIC 


-40 to +85 


DS1611SN 






20-Pin TSSOP 


Oto 70 


DS1611E 






20-Pin TSSOP 


-40 to +85 


DS1611EN 




DS1612 


16-Pin DIP 


Oto 70 


DS1612 






16-Pin DIP 


-40 to +85 


DS1612N 






16-Pin SOIC 


Oto 70 


DS1612S 






16-Pin SOIC 


-40 to +85 


DS1612SN 






20-Pin TSSOP 


Oto 70 


DS1612E 






20-Pin TSSOP 


-40 to +85 


DS1612EN 






xiv 



ORDERING INFORMATION 



DEVICE 


PACKAGE 


OPERATING 


ORDERING 


SPEED 




TYPE 


TEMP. 


NUMBER 


OR 






RANGE 
(CELSIUS) 




VERSION 


DS1613C 


Socket 


0to70 


DS1613C 




DS1613D 


Socket 


0to70 


DS1613D 




DS1620 


8-Pin DIP 


-55 to +125 


DS1620 






8-Pin SOIC 


-55 to +125 


DS1620S 




DS1630Y/AB 


28-Pin Encap. DIP 


0to70 


DS1630AB-120 


120 ns 




28-Pin Encap. DIP 


Oto 70 


DS1630AB-100 


100 ns 




28-Pin Encap. DIP 


Oto 70 


DS1630AB-85 


85 ns 




28-Pin Encap. DIP 


Oto 70 


DS1630AB-70 


70 ns 




28-Pin Encap. DIP 


-40 to +85 


DS1630AB-70-IND 


70 ns 




34-Pin LPM 


Oto 70 


DS1630ABLPM-100 


100 ns 




34-Pin LPM 


Oto 70 


DS1630ABLPM-70 


70 ns 




34-Pin LPM 


-40 to +85 


DS1630ABLPM-70-IND 


70 ns 




28-Pin Encap. DIP 


Oto 70 


DS1630Y-120 


120 ns 




28-Pin Encap. DIP 


Oto 70 


DS1630Y-100 


100 ns 




28-Pin Encap. DIP 


Oto 70 


DS1630Y-85 


85 ns 




28-Pin Encap. DIP 


Oto 70 


DS1630Y-70 


70 ns 




28-Pin Encap. DIP 


-40 to +85 


DS1630Y-70-IND 


70 ns 




34-Pin LPM 


Oto 70 


DS1630YLPM-100 


100 ns 




34-Pin LPM 


Oto 70 


DS1630YLPM-70 


70 ns 




34-Pin LPM 


-40 to +85 


DS1630YLPM-70-IND 


70 ns 


DS1632 


16-Pin DIP 


Oto 70 


DS1632 






16-Pin DIP 


-40 to +85 


DS1632N 






16-Pin SOIC 


Oto 70 


DS1632S 






16-Pin SOIC 


-40 to +85 


DS1632SN 




DS1633 


3-Pin TO-220 


-40 to +85 


DS1 633XX 


See data sheet for complete 
specifications. 


DS1640 


16-Pin DIP 


Oto 70 


DS1640 






16-Pin DIP 


-40 to +85 


DS1640N 






16-Pin SOIC 


Oto 70 


DS1640S 






16-Pin SOIC 


-40 to +85 


DS1640SN 






16-Pin DIP 


Oto 70 


DS1640C 


Consumer Grade 




16-Pin SOIC 


Oto 70 


DS1640SC 


Consumer Grade 


DS1642 


24-Pin Encap. DIP 


Oto 70 


DS1 642-1 20 


2Kx 8 RAM; 120 ns 




24-Pin Encap. DIP 


Oto 70 


DS1 642-1 50 


2Kx8 RAM; 150 ns 


DS1643 


28-Pin Encap. DIP 


Oto 70 


DS1 643-1 20 


8Kx8 RAM; 120 ns 




28-Pin Encap. DIP 


Oto 70 


DS1 643-1 50 


8Kx8 RAM; 150 ns 




26-Pin Encap. LPM 


Oto 70 


DS1643L-120 


8K x 8 RAM; 120 ns 




26-Pin Encap. LPM 


Oto 70 


DS1643L-150 


8K x 8 RAM; 150 ns 


DS1644 


28-Pin Encap. DIP 


Oto 70 


DS1 644-1 20 


32K x 8 RAM; 120 ns 




28-Pin Encap. DIP 


Oto 70 


DS1 644-1 50 


32K x 8 RAM; 150 ns 




34-Pin Encap. LPM 


Oto 70 


DS1644L-120 


32Kx8RAM; 120 ns 




34-Pin Encap. LPM 


Oto 70 


DS1644L-150 


32K x 8 RAM; 150 ns 


DS1645Y/AB 


32-Pin Encap. DIP 


Oto 70 


DS1645AB-120 


120 ns 




32-Pin Encap. DIP 


Oto 70 


DS1645AB-100 


100 ns 




32-Pin Encap. DIP 


te 70 


DS1645AB-85 


85 ns 




32-Pin Encap. DIP 


Oto 70 


DS1645AB-70 


70 ns 



XV 



ORDERING INFORMATION 



DEVICE 


PACKAGE 
TYPE 


OPERATING 
TEMP. 
RANGE 
(CELSIUS) 


ORDERING 
NUMBER 


SPEED 
OR 

VERSION 






TO Pin Pnran HIP 
Ot — nil CIILd|J. LMP 


— d.0 tn j-flc; 

tu IU TOO 


DS1645AB-70-IND 


70 ns 






TA— Pin I PM 
Ot nil LrlVI 




DS1645ABLPM-100 


100 ns 






Td— Pin I PM 
o*r nil LrlVI 


n to 7n 


DS1645ABLPM-70 


70 ns 






TA—pin I PM 

0*t mi Lr IVI 


tu LU TOO 


DS1645ABLPM-70-IND 70 ns 






TO Pin Pnran RIP 
Ot— nil CNLdp. UIP 


tn 70 
U LU (U 


DS1645Y-120 


120 ns 






TO Pin Pnran HIP 
ot — mi izi iLctu. LJIP 


tn 70 

U IU fU 


DS1645Y-100 


100 ns 






TO Pin Pnran niP 
o£ — nil CZflL-cip. uir 


O tn 70 


DS1645Y-85 


85 ns 






TO Pin Pnran HIP 
ot — nn oioap. L/i r 


tn 70 


DS1645Y-70 


70 ns 






TO Pin Fnnan P1IP 
Ot — nil PllUdp. L/I i 


—AO tn -uft^ 
— tu LU too 


DS1645Y-70-IND 


70 ns 






Td pi n 1 DM 

0*r — "III LPIVI 


tn 70 
U lu /U 


DS1645YLPM-100 


100 ns 






Td Pin t PM 

o*f — rill LPIVI 


tn 70 
U LU (U 


DS1645YLPM-70 


70 ns 






riA Pin 1 PM 

O'Hrin Lr IVI 


— H\J 10 +O0 


DS1645YLPM-70-IND 


70 ns 




Uo l 0*K>Ct: 


TO ' Pin Pnran RIP 

Ot-nn tncap. uir 


O tn TO 
U IU /U 


DS1645EE-100 


100 ns 






QO Pin Pnran PlIP 
Ot — nn CllCcljJ. UIP 


tn 70 
UTO /U 


DS1645EE-85 


85 ns 






TO Pin Pnran PlIP 

Ot— nn PMUap. Ulr 


tn 70 
UTO /U 


DS1645EE-70 


70 ns 






TO Pin Pnran PlIP 
Ot — rill PMOdp. UIP 


Af\ tn iQK 

— to IU TOO 


DS1645EE-70-IND 


70 ns 






TO Pin Pnran niD 
Ot — rill PllUdp. UIP 


O tn 70 
U lO /U 


DS1 646-1 20 


128K x 8 RAM; 


1 OCk nc 




TO Pin Pnran PlIP 

Ot— nn tzncap. UIP 


O tn 70 


DS1 646-1 50 


128Kx 8 RAM; 


1 RCi nc 
I JU Mo 




Td Pin Pnran 1 PM 

o*Hrin encap. LnVI 


n tn 7n 
U TO /U 


DS1646L-120 


128Kx8 RAM; 


1 OCi nc 
I c\J nb 




T/1 Pin Pnran 1 DM 

04— rin cncap. lpm 


n tn Tn 
U TO /U 


DS1646L-150 


128K x 8 RAM; 


1 50 ns 


Uo iooUY/Ad 


OO Din Cnnnn P1ID 

Ot— rin tncap. uir 


n tn 7fl 

U TO f U 


DS1650AB-100 


100 ns 






TO Din Pnron niD 

ot— pin tncap. uir 


n tn 7n 
U TO /U 


DS1650AB-85 


85 ns 






TO Din Pnran PlID 

Ot— pin tncap. uir 


n tn Tn 
U TO /u 


DS1650AB-70 


70 ns 






TO Din Pnoan niP 
Ot — "III CHUdp. UIP 


/in tn 

— H-U lO too 


DS1650AB-70-IND 


70 ns 






T4_Pin 1 PM 
0*r — PII 1 LPIVI 


O tn 70 
U Lu f\J 


DS1650ABLPM-100 


100 ns 






Td pin 1 PM 

Ot — Pill LPIVI 


O tn 70 
U LU / U 


DS1650ABLPM-70 


70 ns 






oa Pin 1 PM 
OH — PIN LPIVI 


— H-U TO too 


DS1650ABLPM-70-IND 70 ns 






TO Pin Pnran niP 
Ot — PHI PllUdp. L/I i 


tn 70 
U TO l\J 


DS1650Y-100 


100 ns 






TO Pin nr a r» niP 
Ot — PHI tZNLdp. L/I 1 


tn 70 
U TO / U 


DS1650Y-85 


85 ns 






TO Din Pnran PlIP 

Ot— pin encap. uir 


n tn vn 

U TO l\J 


DS1650Y-70 


70 ns 






TO Pin Pnran PlID 

Ot— nn cncap. uip 


AC\ tn iOC 

— 4U TO +00 


DS1650Y-70-IND 


70 ns 






Td Din 1 DM 

OH— Pin LrlVI 


n tn Tn 
U TO f\J 


DS1650YLPM-100 


100 ns 






Td. Din 1 PM 
04— Pin LrlVI 


n tn Tn 
U TO / U 


DS1650YLPM-70 


70 ns 






Q>i Din 1 DM 

04— rin LrlVI 


AC\ tn i OK 

— 4U TO too 


DS1650YLPM-70-IND 


70 ns 




UOl DDI 


D Din HID 

o— Pin Ulr 


OK tn i QC 

—to TO too 


DS1651 








ft_Din QOir* 
o — rill OLHLv 


OK tn i QR 

—to TO too 


DS1651S 






HQ1 fico 
UO I Dot 


o Din niP 

o — nn uip 


OK tn i QC 
—to TO TOO 


DS1652 








Q Din QOIP 

o— rin OVJIL* 


OK tn _i_QK 
—to TO too 


DS1652S 






Uo I OoO 


1R_Pin PlIP 
I D— 'Pin Ulr 


OK tn iPK 
—to TO TOO 


DS1653 








1R_Pin Qnir 1 
1 D— rin oL/lo 


OK tn i QC 
—to TO TOO 


DS1653S 






DS1658Y/AB 


40-Pin Encap. DIP 


Oto 70 


DS1658AB-100 


100 ns 






40-Pin Encap. DIP 


0to70 


DS1658AB-70 


70 ns 






40-Pin Encap. DIP 


-40 to +85 


DS1658AB-70-IND 


70 ns 






40-Pin Encap. DIP 


Oto 70 


DS1658Y-100 


100 ns 






40-Pin Encap. DIP 


Oto 70 


DS1658Y-70 


70 ns 






40-Pin Encap. DIP 


-40 to +85 


DS1658Y-70-IND 


70 ns 
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ORDERING INFORMATION 



DEVICE PACKAGE 
TYPE 



OPERATING ORDERING 
TEMP. NUMBER 
RANGE 
(CELSIUS) 



SPEED 
OR 

VERSION 



DS1666 14-Pin DIP Oto 

14-Pin DIP Oto 

14-Pin DIP Oto 

14-Pin DIP -40 

14-Pin DIP -40 

14-Pin DIP -40 

16-Pin SOIC Oto 

16-Pin SOIC Oto 

16-Pin SOIC Oto 

16-Pin SOIC -40 

16-Pin SOIC -40 

16-Pin SOIC -40 

DS1667 20-Pin DIP Oto 

20-Pin DIP to 

20-Pin DIP to 

20-Pin DIP -40 

20-Pin DIP -40 

20-Pin DIP -AO 

20-Pin SOIC to 

20-Pin SOIC to 

20-Pin SOIC to 

20-Pin SOIC -40 

20-Pin SOIC -40 

20-Pin SOIC -AO 

DS1668 6-Pin Pushbutton Oto 

6-Pin Pushbutton to 

6-Pin Pushbutton to 

DS1669 8-Pin DIP Oto 

8-Pin DIP to 

8-Pin DIP Oto 

8-Pin DIP -40 

8-Pin DIP -40 

8-Pin DIP -40 

8-Pin SOIC to 

8-Pin SOIC to 

8-Pin SOIC Oto 

8-Pin SOIC -40 

8-Pin SOIC -40 

8-Pin SOIC -40 

DS1689 28-Pin DIP Oto 

28-Pin SOIC to 

DS1693 28-Pin Encap. DIP Oto 

DS1710 16-Pin DIP Oto 

16-Pin DIP -40 

1 6-Pin SOIC to 

16-Pin SOIC -40 



70 


DS1 666-10 


10K ohms 


70 


DS1 666-50 


50K ohms 


70 


DS1 666-1 00 


100Kohms 


to +85 


DS1666N-10 


10K ohms 


to +85 


DS1666N-50 


50K ohms 


to +85 


DS1666N-100 


100K ohms 


70 


DS1666S-10 


10K ohms 


70 


DS1666S-50 


50K ohms 


70 


DS1666S-100 


100K ohms 


to +85 


DS1666SN-10 


10K ohms 


to +85 


DS1666SN-50 


50K ohms 


to +85 


DS1666SN-100 


100K ohms 


70 


DS 1667-10 


10K ohms 


70 


DS 1667-50 


50K ohms 


70 


DS1 667-1 00 


100K ohms 


to +85 


DS1667N-10 


10K ohms 


to +85 


DS1667N-50 


50K ohms 


to +85 


DS1667N-100 


100K ohms 


70 


DS1667S-10 


10K ohms 


70 


DS1667S-50 


50K ohms 


70 


DS1667S-1 00 


100K ohms 


to +85 


DS1667SN-10 


10K ohms 


to +85 


DS1 667SN-50 


50K ohms 


to +85 


DS1 667SN-1 00 


100K ohms 


70 


DS1 668-10 


10K ohms 


70 


DS 1668-50 


50K ohms 


70 


DS1 668-1 00 


1 00K ohms 


70 


DS 1669-10 


10K ohms 


70 


DS 1669-50 


50K ohms 


70 


DS 1669-1 00 


100K ohms 


to +85 


DS1669N-10 


1 0K ohms 


to +85 


DS1669N-50 


50K ohms 


to +85 


DS1669N-100 


1 0OK ohm 6 ; 


70 


DS1 669S-1 


1 0K nhm^ 


70 


UO 1 OOC70 — JU 


£^C\b( nhmc 
JUi\ Ul II I lo 


70 


DS1669S-100 


100K ohms 


to +85 


DS1669SN-10 


1 0K ohms 


to +85 


DS1669SN-50 


50Kohms 


to +85 


DS1669SN-100 


100K ohms 


70 


DS1689 


1.4x8 RAM 


70 


DS1689S 


114x8 RAM 


70 


DS1693 


114x8 RAM 


70 


DS1710 




to +85 


DS1710N 




70 


DS1710S 




to +85 


DS1710SN 





xvii 



ORDERING INFORMATION 



DEVICE 


PACKAGE 


OPERATING 


ORDERING 


SPEED 




TYPE 


TEMP. 


NUMBER 


OR 






RANGE 
(CELSIUS) 




VERSION 




20-Pin TSSOP 


to 70 


Ub1710h 






20-Pin TSSOP 


—40 to +85 


DS1710EN 




DS1 730Y 


32-Pin Encap. DIP 


to 70 


DS1730Y-200 


200 ns 




32-Pin Encap. DIP 


to 70 


DS1730Y-150 


150 ns 




32-Pin Encap. DIP 


-40 to +85 


DS1730Y-150-IND 


150 ns 




34-Pin LPM 


to 70 


DS1730YLPM-200 


200 ns 




34-Pin LPM 


Oto 70 


DS1730YLPM-150 


150 ns 




34— Pin LPM 


-40 to +85 


DS1730YLPM-150-IND 150 ns 


DS1745Y 


32-Pin Encap. DIP 


to 70 


DS1745Y-200 


200 ns 




32-Pin Encap. DIP 


to 70 


DS1745Y-150 


150 ns 




32-Pin Encap. DIP 


-40 to +85 


DS1745Y-150-IND 


150 ns 




34-Pin LPM 


to 70 


DS1745YLPM-200 


200 ns 




34-Pin LPM 


Oto 70 


DS1745YLPM-150 


150 ns 




34-Pin LPM 


-AO to +85 


DS1745YLPM-150-IND 150 ns 


DS1 750Y 


32-Pin Encap. DIP 


Oto 70 


DS1750Y-200 


200 ns 




32-Pin Encap. DIP 


to 70 


DS1750Y-150 


150 ns 




32-Pin Encap. DIP 


-40 to +85 


DS1750Y-150-IND 


150 ns 




34-Pin LPM 


to 70 


DS1750YLPM-200 


200 ns 




34-Pin LPM 


to 70 


DS1750YLPM-150 


150 ns 




34— Pin LPM 


-40 to +85 


DS1750YLPM-150-IND 150 ns 


DS1758Y/AB 


40-Pin Encap. DIP 


Oto 70 


DS1758Y-200 


200 ns 




40-Pin Encap. DIP 


Oto 70 


DS1758Y-150 


150 ns 




40-Pin Encap. DIP 


-40 to +85 


DS1758Y-1 50-IND 


150 ns 


DS1802 


20-Pin DIP 


to 70 


DS1802 


50K ohms 




20-Pin SOIC 


to 70 


DS1802S 


50Kohms 




20-Pin TSSOP 


Oto 70 


DS1802E 


50Kohms 


DS1820 


PR-35 


-55 to +125 


DS1820 






8-Pin SOIC 


-55 to +125 


DS1820S 




DS1821 


PR-35 


-55 to +125 


DS1321 






8-Pin SOIC 


-55 to +125 


DS1821S 






TO-220 


-55 to +125 


DS1821T 




DS1833 


TO-92 


-40 to +85 


DS 1833-5 


5% MONITOR 




TO-92 


-40 to +85 


DS1 833-10 


10% MONITOR 




TO-92 


—40 to +85 


DS1833-15 


15% MONITOR 




SOT-223 


-40 to +85 


DS1833Z-5 


5% MONITOR 




SOT-223 


-40 to +85 


DS1833Z-10 


10% MONITOR 




SOT-223 


-40 to +85 


DS1833Z-15 


15% MONITOR 


DS1837 


TO-220 


Oto 70 


DS1837 






D-PAK 


Oto 70 


DS1837S 




DS1867 


14-Pin DIP 


Oto 70 


DS 1867-10 


1 0K ohms 




14-Pin DIP 


Oto 70 


DS1 867-50 


50K ohms 




14-Pin DIP 


Oto 70 


DS1 867-1 00 


100K ohms 




16-Pin SOIC 


Oto 70 


DS1867S-10 


1 0K ohms 




16-Pin SOIC 


Oto 70 


DS1867S-50 


50K ohms 




16-Pin SOIC 


Oto 70 


DS1867S-100 


100Kohms 



xviii 



ORDERING INFORMATION 



DEVICE 



PACKAGE 
TYPE 



OPERATING ORDERING 
TEMP. NUMBER 
RANGE 
(CELSIUS) 



SPEED 
OR 

VERSION 





£L\J— rin I obUr 


to 70 


HCH OC7C -\ f\ 


i vw onms 




on Din TOO/ - \D 

20— rin I boUr 


to 70 


nc-i oc7C en 
Uol 8b/ b— bO 


bOr\ onms 




OO Din TCCAD 

20— rin I boUr 


to 70 


ncioc7C inn 
Do l8b/b— 100 


i uur\ onms 


nOH oco 
Ublooo 


1 4— Kin Ulr 


to /u 


Uol obo— TO 


l ut\ onms 




14— Pin DIP 


to 70 


ncioeo cn 
Uo1 868—50 


50K ohms 




4/1 Din niD 

14— rin DIP 


to 70 


ncioeo inn 

Uo 18b8— 100 


100K ohms 




16-Pin DIP 


to 70 


Db1868b— 10 


10K ohms 




16-Pin DIP 


to 70 


DS1 868S-50 


50K ohms 




16-Pin DIP 


to 70 


DS1868S-100 


100K ohms 




20-Pin TSSOP 


to 70 


DS1868E-10 


10K ohms 




20-Pin TSSOP 


n -tr\ 

to 70 


DS1 868E-50 


50K ohms 




20-Pin TSSOP 


to 70 


DS1868E-100 


100K ohms 


DS1869 


8-Pin DIP 


to 70 


DS 1869-10 


10K ohms 




8-Pin DIP 


to 70 


DS 1869-50 


50K ohms 




r~i:— . r\i n 

8-Pin DIP 


to 70 


DS1 869-1 00 


A r\r\\ / i 

100K ohms 




8— Pin SOIC 


to 70 


DS1869S-10 


10K ohms 




8-Pin SOIC 


to 70 


DS1869S-50 


50K ohms 




8-Pin SOIC 


to 70 


DS1869S-100 


100K ohms 


no 4 onnr 

DS12885 


24— Pin DIP 


to 70 


DS 12885 


114X8 RAM 




24— Pin bUIG 


to 70 


Db1 2885b 


AAA » . O. I — > A h A 

114x8 RAM 




28-Pin PLCC 


to 70 


DS12885Q 


114X8 RAM 




28-Pin PLCC 


-40 to +85 


DS12885QN 


114x8 RAM 




32-Pin TQFP 


to 70 


DS12885T 


114x8 RAM 


DS12887 


24-Pin Encap. DIP 


to 70 


DS12887 


114X8 RAM 


DS12887A 


24-Pin Encap. DIP 


to 70 


DS12887A 


114X8 RAM 


DS1920 


Touch Memory 


-55 to +100 


DS1 920-F3 


F3 MicroCan 




Touch Memory 


-55 to +100 


DS1 920-F5 


F5 MicroCan 


DS1982 


Touch Memory 


-40 to +85 


DS1 982-F3 


F3 MicroCan 




Touch Memory 


-40 to +85 


DS1 982-F5 


F5 MicroCan 


DS1985 


Touch Memory 


-40 to +85 


DS1985-F3 


F3 MicroCan 




Touch Memory 


-40 to +85 


DS1 985-F5 


F5 MicroCan 


DS1986 


Touch Memory 


-40 to +85 


DS1986-F3 


F3 MicroCan 




Touch Memory 


-40 to +85 


DS1986-F5 


F5 MicroCan 


DS1990A 


Touch Memory 


-40 to +85 


DS1990A-F3 


F3 MicroCan 




Touch Memory 


—40 to +85 


DS1990A-F5 


F5 MicroCan 


DS1991 


Touch Memory 


-40 to +70 


DS1991L-F5 


F5 MicroCan 


DS1992 


Touch Memory 


-40 to +70 


DS1992L-F5 


F5 MicroCan 


DS1993 


Touch Memory 


-40 to +70 


DS1993L-F5 


F5 MicroCan 


DS1994 


Touch Memory 


-40 to +70 


DS1994L-F5 


F5 MicroCan 


DS1995 


Touch Memory 


-40 to +70 


DS1995L-F5 


F5 MicroCan 


DS1996 


Touch Memory 


-40 to +70 


DS1996L-F5 


F5 MicroCan 


DS2009 


28-Pin DIP (600 MIL) 


0to70 


DS2009-35 


35 ns 




28-Pin DIP (600 MIL) 


0to70 


DS2009-50 


50 ns 




28-Pin DIP (600 MIL) 


Oto 70 


DS2009-65 


65 ns 




28-Pin DIP (600 MIL) 


Oto 70 


DS2009-80 


80 ns 




28-Pin DIP (600 MIL) 


Oto 70 


DS2009-120 


120 ns 



xix 



ORDERING INFORMATION 



DEVICE PACKAGE OPERATING ORDERING SPEED 

TYPE TEMP. NUMBER OR 

RANGE VERSION 
(CELSIUS) 



DS2010 



DS2011 



?fi— Pin DIP (fiO.0. Mil \ 
nil uii |uuu ivui_y 


— 4ft tn +fto" 

*T\J LU TOJ 


n^pnnQN— v; 


35 ns 


28— Pin DIP ffiOO MIL \ 

C—\J Y III L/IT ^UUU I V 1 1 1 — y 


—4ft tn +fl^ 

WJ TOO 


nSPOOQN— 50 

L/OL.Uvv3 1 N JU 


50 ns 


PR— Pin DIP (Rftft Mil ^ 

rill uir ^uu iviiL—j 


to 70 


RQpnftQD— 

UOC\J\J<3LJ oo 


RR n<5 

OO 1 lo 


PR— Pin DIP fRftft Mil \ 

CO r III 1 1 ^OUU IVML.y 


ft tn 7ft 

U IU (U 


D^PftftPD— Rft 


RC\ nQ 

OU llo 


PR— Pin DIP fRftft Mil ^ 

rill Ul i ^OUU lVIIUJ 


ft tn 7ft 


R^PftftQR— 


65 ns 


PR— Pin DIP /Rftft MM ^ 

CO nlli Uli ^OUU IVIIL-^ 


ft tn 7ft 


n^pftftQri— Rft 


ftft nc 
OU 1 lb 


PR— Pin dip nnn mm ^ 

co — i iii uir \ouu i vi ii y 


ft tn 7ft 


RQPftftQR 1 Pft 

LJO^iUUC7 U — I C\J 


1 Oft nc 
I C\J I lo 


pr~ Pin nip /°.nn mm ^ 

i III I—/ 1 r ^OUU IVIIL.J 


—4ft tn j-RR 
— *tu iu toy 


nQPftftQRM RR 


R^ nc 
OO llo 


pR_Pin nip /Rftft mm ^ 

co — i ill uir \ouu iviii_j 


—4ft tn xRR 
— *tu LU +oO 


RCiPftftQRM Rft 


50 ns 


RP Pin PI 
O^i— rill "HjU 


ft tn 7ft 


uo^uuyn— oo 


O.C. no 

oo ns 


RP Pin PI PP 


U TO i\j 


RQonnQP c;n 


50 ns 


RP Pin PI PP 
oc — ~im ruwu 


ft tn 7ft 


RConnnR _pc 


65 ns 


oo Pin PI PP 
oc — nil rLUv 


n +n 7Pl 
U TO / U 




80 ns 


QO Pin PI PP 


n tn 7n 
U TO / U 


RConnQD 1 on 


■i on 

i <du ns 


OO p; n pi pp 
Oc~r In rLOO 


a n tn i oc 
— 4U TO +O0 


nconnoDM oc 
Uo^UUyHN— oo 


QC no 

oo ns 


OO Pin PI PP 
Oc—r in rLwL- 


>i n tn i oc 
— 4U TO +oo 


nconnoDM co 
Uo^UUynN— oU 


50 ns 


oq pin rip fc-nn rvvi 1 1 \ 

CO— rln Uir ^DUU MIL) 


U TO /U 




50 ns 


oo pin rip /cnn mm \ 

^o—rin Uir (DUU MIL) 


to 70 


noon h n cc 
Ub^Ol U— DO 


65 ns 


Oft Pin rip /cnn ivyi 1 1 \ 

co— nn uir ^ouu mil) 


n tn "7H 

U TO f U 


Rconi n on 
Uo*iU I U— oU 


80 ns 


PR Pin RIP ^C-nn MM \ 
co — nn uir ^OUU IVI 1 L_y 


U TO ( U 


Room n i on 


i On no 

i ex) ns 


Oft Pin RIP ^ftPiH MM \ 

co— nn uir ^duu mil) 


/*n tn , oc 

— 4U TO + 00 


ROoni nM cn 
Uo^Ul UN— oU 


50 ns 


Oft Pin RIP P^PiO, MM \ 

co— nn uir ^ouu mil) 


n tn 7n 
U TO / U 


ncom nn cn 
UodUl UU— oU 


50 ns 


oo p; n Rip wnn Mil \ 

*:o— nn uir ^ouu mil) 


n tn 7fl 

U TO AJ 


ROoni nn cc 
Uo*iU l UU— bo 


CC no 

bo ns 


9ft_Pin RIP fonn iv>i ■ i ^ 
co— nn uir ^ouu mil) 


n tn 7n 
U TO fV 


nconi nn on 
Uo^Ul UU— oU 


80 ns 


OR Pin RIP /O.PiP) MM \ 

co— nn uir ^ouu mil) 


n tn 7n 
U TO /U 


ncom nn i on 
U*OcV 1 UU— 1 *iU 


i On no 

i^u ns 


Oft— Pin RIP /Rftn MM ^ 
co nil uir ^ouu iviii_j 


/in to i QK 

— *tU TO + oO 


RConi nRM cn 

Uo^U 1 UUIN— OU 


50 ns 


oo pin p| pp 

oc— nn ri_OL> 


n tn ~7C\ 
U TO /U 


nconi no cn 
Uo^U 1 Un— OU 


50 ns 


oo pin pi pp 


n tn 7H 

U TO /U 


ROont no cc 
Uo<iUl Un— Do 


CC t-io 

bo ns 


oo Pin pi pp 
OC— rill rLUw 


n tn 7n 

U TO /U 


Room ad on 
UotfJl Uri— oU 


80 ns 


oo pin p| pp 


n tn 7H 

U 10 f\J 


ROomnD ion 
Uo^UlUH— l^dU 


120 ns 


oo Pin pi pp 


Af\ tn iQC 

— 4U TO +oo 


noont nDM cn 
Uo^UlUHN— oU 


Cn r-io 

oU ns 


OR Pin RIP fRftft MM ^ 
CO — rill 1— '1 1 ^OUU IVIIL) 


n tn TP! 
U TO f\J 


Roonn cn 
\JOc\J\ i — oU 


50 ns 


OR— Pin RIP (ACiCl |V>| 1 1 \ 
co nn uir ^ouu iviilj 


n to 7fi 

U TO /u 


Room 1 cc 
Uo*iUl 1— DO 


CC no 

do ns 


OQ Pin RIP /Coo kjtii \ 

co— nn uir (duu mil) 


to 70 


PlCOAH h on 


80 ns 


oq pin RIP /CPiPi MM \ 

co— nn uir ^duu mil) 


C\ tn 7(1 

U TO f\j 


Room i i on 
Uo<iUl1-l ^U 


1 20 ns . 


28-Pin DIP (600 MIL) 


-40 to +85 


DS2011N-50 


50 ns 


28-Pin DIP (300 MIL) 


Oto 70 


DS2011D-50 


50 ns 


28-Pin DIP (300 MIL) 


Oto 70 


DS2011D-65 


65 ns 


28-Pin DIP (300 MIL) 


Oto 70 


DS2011D-80 


80 ns 


28-Pin DIP (300 MIL) 


Oto 70 


DS2011D-120 


120 ns 


28-Pin DIP (300 MIL) 


-40 to +85 


DS2011DN-50 


50 ns 


32-Pin PLCC 


Oto 70 


DS2011R-50 


50 ns 


32-Pin PLCC 


Oto 70 


DS2011R-65 


65 ns 


32-Pin PLCC 


Oto 70 


DS2011R-80 


80 ns 


32-Pin PLCC 


Oto 70 


DS2011R-120 


120 ns 


32-Pin PLCC 


-40 to +85 


DS2011RN-50 


50 ns 



ORDERING INFORMATION 



DEVICE PACKAGE 
TYPE 



OPERATING ORDERING 
TEMP. NUMBER 
RANGE 
(CELSIUS) 



SPEED 
OR 

VERSION 



DS2012 


28-Pin DIP (600 MIL) 


0to70 


DS2012-50 


50 ns 






28-Pin DIP (600 MIL) 


Oto 70 


DS2012-65 


65 ns 






28-Pin DIP (600 MIL) 


Oto 70 


DS2012-80 


80 ns 






28-Pin DIP (600 MIL) 


Oto 70 


DS2012-120 


120 ns 






28-Pin DIP (600 MIL) 


-40 to +85 


DS2012N-50 


50 ns 






32-Pin PLCC 


Oto 70 


DS2012R-50 


50 ns 






32-Pin PLCC 


Oto 70 


DS2012R-65 


65 ns 






32-Pin PLCC 


Oto 70 


DS2012R-80 


80 ns 






32-Pin PLCC 


Oto 70 


DS2012R-120 


120 ns 






32-Pin PLCC 


-40 to +85 


DS2012RN-50 


50 ns 




DS2013 


28-Pin DIP (600 MIL) 


Oto 70 


DS2013-50 


50 ns 






28-Pin DIP (600 MIL) 


Oto 70 


DS2013-65 


65 ns 






28-Pin DIP (600 MIL) 


Oto 70 


DS2013-80 


80 ns 






28-Pin DIP (600 MIL) 


Oto 70 


DS2013-120 


120 ns 






28-Pin DIP (600 MIL) 


-40 to +85 


DS2013N-50 


50 ns 






32-Pin DIP (300 MIL) 


Oto 70 


DS2013D-50 


50 ns 






32-Pin DIP (300 MIL) 


Oto 70 


DS2013D-65 


65 ns 






32-Pin DIP (300 MIL) 


Oto 70 


DS2013D-80 


80 ns 






32-Pin DIP (300 MIL) 


Oto 70 


DS2013D-120 


120 ns 






32-Pin DIP (300 MIL) 


-40 to +85 


DS2013DN-50 


50 ns 




DS2016 


24-Pin DIP 


-40 to +85 


DS2016 








24-Pin SOIC 


-40 to +85 


DS2016S 






DS2064 


28-Pin DIP 


-40 to +85 


DS2064 








28-Pin SOIC 


-40 to +85 


DS2064S 






DS2223 


TO-92 


-40 to +85 


DS2223 








SOT-223 


-40 to +85 


DS2223Z 






DS2224 


TO-92 


-40 to +85 


DS2224 








SOT-223 


-40 to +85 


DS2224Z 






DS2227 


STIK 


Oto 70 


DS2227-120 


120 ns 






STIK 


Oto 70 


DS2227-100 


100 ns 






STIK 


Oto 70 


DS2227-70 


70 ns 




DS2229 


STIK 


Oto 70 


DS2229-85 


85 ns 




DS22B57 


28-Pin DIP 


-40 to +85 


DS22B57 








28-Pin SOIC 


-40 to +85 


DS22B57S 






DS2401 


TO-92 


-40 to +85 


DS2401 








SOT-223 


-40 to +85 


DS2401Z 








6-Lead TSOC 


-40 to +85 


DS2401 P 






DS2404 


16-Pin DIP 


Oto 70 


DS2404 


512x8 RAM 






16-Pin SOIC 


Oto 70 


DS2404S 


512x8 RAM 






16-Pin SSOP 


Oto 70 


DS2404B 


512x8 RAM 




DS2404S-C01 16-Pin SOIC 


-40 to +85 


DS2404S-C01 


Custom 001 /Dual Port 


DS2405 


TO-92 


-40 to +85 


DS2405 








SOT-223 


-40 to +85 


DS2405Z 








6-Lead TSOC 


-40 to +85 


DS2405P 






DS2430 


TO-92 


Oto 70 


DS2430 








TO-92 


-40 to +85 


DS2430N 







xxi 



RMATIOh 



DEVICE 


PACKAGE 
TYPE 


OPERATING 

TEMP. 

RANGE 


ORDERING 
NUMBER 




8-Pin SOIC 


0to70 


DS2430Z 




8-Pin SOIC 


-40 to +85 


DS2430ZN 




20-Pin TSSOP 


0to70 


DS2430E 




20-Pin TSSOP 


-40 to +85 


DS2430EN 


DS2434 


PR-35 


-40 to +85 


DS2434 


DS2435 


PR-35 


-40 to +85 


DS2435 


DS2502 


TO-92 


-40 to +85 


DS2502 




8-Pin SOIC 


-40 to +85 


DS2502S 




6-Lead TSOC 


-40 to +85 


DS2502P 


DS2505 


TO-92 


-40 to +85 


DS2505 




6-Lead TSOC 


-40 to +85 


DS2505P 


DS2506 


PR-35 


-40 to +85 


DS2506 


DS620X 




Oto 70 


DS6200 






Oto 70 


DS6201 






Oto 70 


DS6204U 






Oto 70 


DS6207 


DS6417 




Oto 70 


DS641 7-001 






Oto 70 


DS641 7-002 






Oto 70 


DS641 7-004 






Oto 70 


DS641 7-256 






Oto 70 


DS6417-512 






Oto 70 


DS641 7P-001 






Oto 70 


DS6417P-002 






Oto 70 


DS6417P-004 






Oto 70 


DS6417P-256 






Oto 70 


DS6417P-512 


DS9000 






DS9000 


DS9002 






DS9002 


DS9003 






DS9003 


DS9005 






DS9005 


DS9006 






DS9006 


DS908X 






DS9080V 



SPEED 
OR 

VERSION 



DS9080A 
DS9081V 
DS9081A 
DS9082V 
DS9082A 
DS9084V 



Generic Code #1 
Generic Code #1 

1 Megabit Density 

2 Megabit Density 
4 Megabit Density 
256K-bit Density 
512K-bit Density2 

1 Megabit Density 

2 Megabit Density 
4 Megabit Density 
256K-bit Density 
512K-bit Density 



Cyber Key 
Rushmount-Vertical 
Cyber Key 
Flushmount-Angled 
Cyber Key 
Recessed-Vertical 
Cyber Key 
Recessed-Angled 
Cyber Card 
Flushmount-Vertical 
Cyber Card 
Flushmount-Angled 
Cyber Card EV 
Recessed-Vertical, Beige 



xxii 



ORDERING INFORMATICS 



DEVICE PACKAGE OPERATING ORDERING SPEED 

TYPE TEMP. NUMBER OR 

RANGE VERSION 
(CELSIUS) 



DS9092 



DS9092K 
DS9092R 

DS9093 



Kit 

tabbed MicroCan 
tabbed MicroCan 



DS9094 

DS9096P 
DS9097 

DS9098 

DS9099 Kit 

DS9100 

DS9101 

DS9102K Kit 
DS9103K Kit 



DS9084V-O01 

DS9084A 

DS9084A-001 



DS9085A-001 
DS9085V-001 
DS9092 
DS9092T 

DS9092GT 

DS9092K 

DS9092R-000 

DS9092R-L00 

DS9093F 

DS9093P 

DS9093S 

DS9093RA 

DS9093RB 

DS9094F 

DS9094FS 

DS9096P 

DS9097 

DS9097E 

DS9098 

DS9098T 

DS9099K 

DS9099 

DS9100A 

DS9100B 

DS9101 

DS9101S 

DS9102K 

DS9103K 



Cyber Card EV 
Recessed-Vertical, Black 
Cyber Card EV 
Recessed-Angled, Beige 
Cyber Card EV 
Recessed-Angled, Black 
Cyber Card, Cyber Key 
Cyber Card, Cyber Key 
Panel-mount Probe 
Panel-mount Probe 
with Tactile Pin 
Hand-Grip with Tactile Pin 

Standard 

with Logo 

Snap-in Fob 

Perm. Mount, One Screw 

Perm. Mount, Two Screws 

Lock Ring 

Flange Enlargement 
Thru-Hole Mount, F5 
Surface Mount, F5 
Permanent Bond 
Standard 

Enhanced for EPROM 

Retainer for F5 MicroCan 

Tube Packaging 

Dev. Kit with Software 

Chip Set Only 

Touch & Hold, Outer Part 

Touch & Hold, Center Part 

Standard Clip 

Snap Fastener Version 
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SALES OFFICES 



HEADQUARTERS 

Dallas, TX 

Voice:(214) 450-0448 
FAX: (214) 450-0470 
Mid Atlantic 
Marlton, NJ 
(609) 596-1919 
Northeast/E. Canada 
Chelmsford, MA 
(508) 256-4995 
Northwest 
Portland, OR 
(800) 700-8990 
South Central 
Dallas, TX 
(214) 788-2197 
South East 
Duluth, GA 
(404) 623-5813 
Northern California 
Sunnyvale, CA 
(408) 733-8400 
Southern California 
Mission Viejo, CA 
(800) 700-9181 



EUROPEAN OFFICE 



Birmingham, England 
44-21-782-2959 



PACIFIC RIM OFFICE 



Dallas, TX 
(214) 450-0944 



SOUTH AMERICAN 
OFFICE 



Dallas, TX 
(214) 788-2197 



NORTH AMERICAN 
SALES 

REPRESENTATIVES 



Alabama 

Glen White & Assoc. 

Huntsville, AL 
(205) 882-6751 
Arizona 

System Sales of AZ 

Mesa, AZ 
(602) 464-9989 



Arkansas 
West Associates 

Tulsa, OK 
(918) 492-4300 
California 

Bay Area/Northern CA.NV 
Sunnyvale, CA 
(408) 733-8400 
Harvey King, Inc. 
San Diego, CA 
(619) 695-9300 
S C Cubed 
Tustin, CA 
(714) 731-9206 
Westlake Village, CA 
(818) 865-6222 
Canada 

Davetek Marketing 

Burnaby, British Columbia 
(604) 430-3680 
Calgary, Alberta 

(403) 250-2034 
Dynasty Components 
Ottawa, Ontario 

(613) 596-9800 
Pointe Claire, Quebec 
(514) 694-7353 
Colorado 

Waugaman Assoc. 

Wheat Ridge, CO 

(303) 423-1020 

Connecticut 

Technology Sales Inc. 

Wallingford, CT 

(203) 269-8853 

Delaware 

S-J Mid-Atlantic 

Mt. Laurel, NJ 

(609) 866-1234 

Florida 

Semtronic Assoc., Inc. 

Altamonte Springs, FL 
(407) 831-8233 
Clearwater, FL 
(813) 461-4675 
Ft. Lauderdale, FL 
(305) 731-2484 
Georgia 

Glen White & Assoc. 

Duluth, GA 

(404) 418-1500 
Idaho 

Western Tech. Sales 

Boise, ID 

(208) 376-8700 



Illinois 

Cahill, Schmitz & Howe 

Cedar Rapids, IA 
(319) 377-8219 
Sumer Inc. 
Rolling Meadows, IL 
(708) 991-8500 
Gibb Technology Sales 
St. Louis, MO 
(314) 890-0443 
Indiana 

Electronic Sales & Eng. 

Indianapolis, IN 
(317) 849-4260 
Iowa 

Cahill, Schmitz & Howe 

Cedar Rapids, IA 
(319) 377-8219 
Kansas 

Gibb Technology Sales 

Kansas City, MO 
(816) 483-6785 
Kentucky 

Glen White & Assoc. 

Huntsville, AL 
(205) 882-6751 
Louisiana 
West Assoc. 
Richardson, TX 
(214) 680-2800 
Maine 

Mill-Bern Assoc. 

Woburn, MA 
(617) 932-3311 
Maryland 
S-J Chesapeake 
Falls Church, VA 
(703) 533-2233 
Massachusetts 
Mill-Bern Assoc. 
Woburn, MA 
(617) 932-3311 
Michigan 
Trilogy Marketing 
Auburn Hills, Ml 
(810) 377-4900 
Minnesota 

Cahill, Schmitz & Cahill 

St. Paul, MN 
(612) 646-7217 
Mississippi 
Glen White & 

Huntsville, AL 
(205) 882-6751 



Missouri 

Gibb Technology Sales 

St. Louis, MO 
(314) 890-0443 
Montana 

Waugaman Assoc. 

Wheat Ridge, CO 
(303) 423-1020 
Nebraska 

Cahill, Schmitz & Howe 

Cedar Rapids, IA 
(319) 377-8219 
Waugaman Associates 
Wheat Ridge, CO 
(303) 423-1020 
Nevada 

Bay Area/Northern CA.NV 

Sunnyvale, CA 

(408) 733-8400 

System Sales of AZ 

Mesa, AZ 

(602) 464-9989 

New Hampshire 

Mill-Bern Assoc. 

Woburn, MA 

(617) 932-3111 

New Jersey 

S-J Associates 

Mt. Laurel, NJ 

(609) 866-1234 

Rockville Centre, NY 

(516) 536-4242 

New Mexico 

System Sales of AZ 

Albuquerque, NM 

(505) 889-2901 

New York 

S-J Associates 

Rockville Centre, NY 

(516) 536-4242 

Technology Sales Inc. 

Fairport, NY 

(716) 223-7500 

North Carolina 

Glen White & Assoc. 

Huntersville, NC 

(704) 875 -3777 

Raleigh, NC 

(919) 848-1931 

North Dakota 

Cahill, Schmitz & Cahill 

St. Paul, MN 

(612) 646-7217 




xxiv 



SALES OFFICES 



Ohio 


Utah 


■ ADVENT ELECTRONICS 


New Jersey 


Makin & Associates 


Waugaman Associates 


Illinois 


Pine Brook, NJ 


Cincinnati, OH 


Salt Lake City, UT 


Des Plaines, IL 


(201) 227-7960 


(513) 871-2424 


(801) 261-0802 


(708) 297-6200 


New York 


Dublin, OH 


Vermont 


Indiana 


Commack, NY 


(614) 793-9545 


Mill-Bern Assoc. 


Indianapolis, IN 


(516) 864-6600 


Mayfield Village, OH 


Woburn, MA 


(317) 872-4910 


Oregon 


(216) 461-3500 


(617) 932-3311 


Iowa 


Beaverton, OR 


Oklahoma 


Virginia 


Cedar Rapids, IA 


(503) 643-1114 


West Associates 


S-J Chesapeake 


(319) 363-0221 


Pennsylvania 


Tulsa, OK 


Falls Church, VA 


Michigan 


Horsham, PA 


(918) 492-4300 


(703) 533-2233 


Farmington Hills, Ml 


(215) 443-5150 


Oregon 


Washington 


(313) 477-1650 


Texas 


Western Tech. Sales 


Western Tech. Sales 




Austin, TX 


Beaverton, OR 


Bellevue, WA 


■ ALMAC ELECTRONICS 


(512) 388-0049 


(503) 644-8860 


(206) 641-3900 


Oregon 


Richardson, TX 


Pennsylvania 


Spokane, WA 


Beaverton, OR 


(214) 238-7100 


Makin & Associates 


(509) 922-7600 


(503) 629-8090 


Utah 


Cincinnati, OH 


West Virginia 


Washington 


Salt Lake City, UT 


(513) 871-2424 


S-J Chesapeake 


Bellevue, WA 


(801) 973-8555 


S-J Associates 


(703) 533-2233 


(206) 643-9992 


Washington 


Mt. Laurel, NJ 


Wisconsin 




Bothell, WA 


(609) 866-1234 


Cahill, Schmitz & Cahill ■ ANTHEM ELECTRONICS 


(206) 483-1700 


Puerto Rico 


St. Paul, MN 


Arizona 




Semtronics Assoc., Inc. 


(612) 646-7217 


Tempe, AZ ■ FARNELL 


Hato Rey, Puerto Rico 


Sumer, Inc. 


(602) 966-6600 


Canada 


(809) 766-0700 


Brookfield, Wl 


California 


Burnaby, British Columbia 


Rhode Island 


(414) 784-6641 


Chatsworth, CA 


(604) 421-6222 


Mill-Bern Assoc. 


Wyoming 


(818) 775-0410 


Calgary, Alberta 


Woburn, MA 


Waugaman Assoc. 


Irvine, CA 


(403) 273-2780 


(617) 932-3311 


Wheat Ridge, CO 


(714) 768-4444 


Concord, Ontario 


South Carolina 


(303) 423-1020 


Rocklin, CA 


(416) 798-4884 


Glen White & Assoc. 




(916) 624-9744 


Nepean, Ontario 


Huntersville, NC 


NORTH AMERICAN 


San Diego, CA 


(613) 596-6980 


(704) 875-3777 


DISTRIBUTORS 


| (619) 453-9005 


Ville St. Laurent, Quebec 


South Dakota 


■ ADDED VALUE 


San Jose, CA 


(514) 335-7697 


Cahill, Schmitz & Cahill 


Electronic Dist., Inc. 


(408) 453-1200 


Winnipeg, Manitoba 


St. Paul, MN 


(AVED) 


Colorado 


(403) 273-2780 


(612) 646-7217 


Arizona 


Englewood, CO 




Tennessee 


Scottsdale, AZ 


(303) 790-4500 ■ FUTURE ELECTRONICS 


Glen White & Assoc. 


(602) 951-9788 


Connecticut 


Alabama 


Huntsville, AL 


California 


Waterbury, CT 


Huntsville, AL 


(205) 882-6751 


San Diego, CA 


(203) 575-1575 


(205) 830-2322 


Texas 


(619) 558-8890 


Illinois 


Arizona 


West Associates 


Tustin, CA 


Schaumburg, IL 


Phoenix, AZ 


Austin, TX 


(714) 573-5000 


(708) 884-0200 


(602) 968-7140 


(512) 343-1199 


Visalia, CA 


Maryland 


California 


Houston, TX 


(209) 734-8861 


Columbia, MD 


Agoura Hills, CA 


(713) 999-0101 


Colorado 


(410) 995-6640 


(818) 865-0040 


Richardson, TX 


Wheat Ridge, CO 


Massachusetts 


Irvine, CA 


(214) 680-2800 


(303) 422-1701 


Wilmington, MA 


(714) 250-4141 




Utah 


(508) 657-5170 


San Diego, CA 




Midvale, UT 


Minnesota 


(619) 625-2800 




(801) 975-9500 


Eden Prarie, MN 


San Jose, CA 






(612) 944-5454 


(408) 434-1122 
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SALES OFFICES 



Canada 

Calgary, Alberta 
(403) 250-5550 
Edmonton, Alberta 

(403) 438-2858 
Mississauga, Ontario 
(905) 612-9200 
Ottawa, Ontario 
(613) 820-8313 
Pointe Claire, Quebec 
(514) 694-7710 
Quebec City, Quebec 
(418) 877-6666 
Winnipeg, Manitoba 
(204) 944-1446 
Colorado 

Lake Wood, CO 
(303) 232-2008 
Connecticut 
Cheshire, CT 
(203) 250-0083 
Florida 

Altamonte Springs, FL 
(407) 767-8414 
Deerfield Beach, FL 
(305) 426-4043 
Largo, FL 
(813) 530-1222 
Georgia 
Norcross, GA 

(404) 441-7676 
Illinois 

Hoffman Estates, IL 
(708) 882-1255 
Indiana 
Indianapolis, IN 
(317) 469-0447 
Kansas 

Overland Park, KS 
(913) 649-1531 
Maryland 
Columbia, MD 
(410) 290-0600 
Massachusetts 
Bolton, MA 
(508) 779-3000 
Michigan 
Livonia, Ml 
(313) 261-5270 
Grand Rapids, Ml 
(616) 698-6800 
Minnesota 
Eden Prairie, MN 
(612) 944-2200 



Missouri 

St. Louis, MO 

(314) 469-6805 
New Jersey 
Marlton, NJ 
(609) 596-4080 
Parsippany, NJ 
(201) 299-0400 
New York 
Hauppauge, NY 
(516) 234-4000 
N.Syracuse, NY 

(315) 451-2371 
Rochester, NY 
(716) 387-9550 
North Carolina 
Charlotte, NC 
(704) 455-9030 
Raleigh, NC 
(919) 790-7111 
Ohio 

Beavercreek, OH 
(513) 426-0090 
Mayfield Heights, OH 
(216) 449-6996 
Oregon 
Beaverton, OR 
(503) 645-6454 
Texas 
Austin, TX 
(512) 502-0991 
Houston, TX 

(713) 785-1155 
Richardson, TX 
(214) 437-2437 
Utah 

Salt Lake City, UT 
(801) 467-4448 
Washington 
Botnell, WA 
(206) 489-3400 
Wisconsin 
Brookfield, Wl 
(414) 879-0244 

HAMILTON-HALLMARK 
Alabama 

Huntsville, AL 
(205) 837-8700 
Arizona 
Phoenix, AZ 
(602) 437-1200 
California 
Costa Mesa, CA 

(714) 641-4100 



Rocklin, CA 
(916) 624-9781 
San Diego, CA 
(619) 571-7540 
San Jose, CA 
(408) 435-3500 
Woodland Hills, CA 
(818) 594-0404 
Colorado 

Colorado Springs, CO 
(719) 637-0055 
Englewood, CO 
(303) 790-1662 
Connecticut 
Cheshire, CT 
(203) 271-2844 
Florida 

Ft. Lauderdale, FL 
(305) 484-5482 
Largo, FL 
(813) 541-7440 
Winter Park, FL 
(407) 657-3300 
Georgia 
Duluth, GA 
(404) 623-4400 
Illinois 

Bensonville, IL 
(708) 860-7780 
Indiana 
Indianapolis, IN 
(317) 872-8875 
Kansas 
Lenexa, KS 
(913) 888-4747 
Kentucky 
Lexington, KY 
(800) 235-6039 
Maryland 
Columbia, MD 
(410) 988-9800 
Massachusetts 
Peabody, MA 
(508) 532-9808 
Michigan 
Novi, Ml 
(313) 347-4271 
Plymouth, Ml 

(313) 416-5800 
Minnesota 
Bloomington, MN 
(612) 881-2600 
Missouri 
Earth City, MO 

(314) 291-5350 



New Jersey 

Cherry Hill, NJ 
(609) 424-0110 
Parsippany, NJ 
(201) 515-3000 
New York 
Hauppauge, NY 
(516) 434-7474 
Rochester, NY 
(716) 475-9130 
Ronkonkoma, NY 
(516) 737-0600 
North Carolina 
Raleigh, NC 
(919) 872-0712 
Ohio 

Dayton, OH 
(513) 439-6735 
Solon, OH 
(216) 498-1100 
Worthington, OH 
(614) 888-3313 
Oklahoma 
Tulsa, OK 
(918) 254-6110 
Oregon 
Beaverton, OR 
(503) 526-6200 
Texas 
Austin, TX 
(512) 258-8848 
Dallas, TX 
(214) 553-4300 
Houston, TX 

(713) 781-6100 
Utah 

Salt Lake City, UT 
(801) 266-2022 
Washington 
Redmond, WA 
(206) 881-6697 
Wisconsin 
New Berlin, Wl 
(414) 797-7844 

■ INSIGHT ELECTRONICS 
Alabama 

Huntsville, AL 
(205) 830-1222 
Arizona 
Tempe, AZ 
(602) 829-1800 
California 
Irvine, CA 

(714) 727-3291 
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SALES OFFICES 



Ran Dipnn CA 


Pointe Claire, Quebec 


■ REPTRON ELECTRONICS 


Oklahoma 


(619) 677-3100 


(514) 426-5900 


Florida 


Tulsa, OK 


Sunnyvale, CA 


Connecticut 


Tampa, FL 


(918) 663-2410 


(408) 720-9222 


Milford, CT 


(813) 854-2351 


Texas 


Westlake Villaae CA 


(203) 878-5538 




Austin, TX 


(8181 707-2101 


Florida 


■ STERLING ELECTRONICS 


(512) 836-1341 


Colorado 


Lake Mary, FL 


Arizona 


Carrollton, TX 


Englewood, CO 


(407) 321-2555 


Phoenix, AZ 


(214) 243-1600 


(303) 649-1800 


Georgia 


(602) 437-5565 


Houston, TX 


Georgia 


Norcross, GA 


California 


(713) 627-9800 


Duluth, GA 


(404) 446-9777 


Irvine, CA 


Utah 


(404) 717-8566 


Illinois 


(714) 453-7660 


Salt Lake City, UT 


Illinois 


Palatinp IL 


San Dieao CA 


(801) 972-5444 


Schaumburg, IL 


(708) 202-1900 


(619) 560-8097 


Virginia 


(7081 885-9700 


Kansas 


San Jose CA 


Richmond, VA 


Massachusetts 


Overland Park, KS 


(408) 435-0835 


(804) 323-5510 


Rurlinnton MA 


(913) 236-8800 


Westlake Village, CA 


INTERNATIONAL 


(6171 270-9400 


Maryland 


(818) 865-2333 


REPRESENTATIVES 


■VI 111 1 ICOULd 


Columbus, MD 


Colorado 


& DISTRIBUTORS 


fit Louis Park MN 


(410) 730-6119 


Englewood, CO 


Argentina 


(6121 525-9999 


Massachusetts 


(303) 792-3939 


Ocllldlrv O./A. 


Drpnnn 


Wilmington, MA Connecticut 


D*f- I OO I eL I Uo 


ucavci n_/i i , v> i i 


(508) 657-5900 


\A/nllinnfnrrl PT 

waiiingtora, L. I 


Australia 


(503) 644-3300 


New Jersey 


(203) 265-9535 


uaiias laeniiTicaiion 


Texas 


Marlton, NJ 


Illinois 


b1-o-/£U-oo44 


Austin TX 


(609) 983-5010 


Schaumburg, IL 


veiled r ly. LIU. 


(5121 331-7356 


Parsippany, NJ 


(708) 303-9900 


D1-0-OUO-/01 1 


Rirharrisnn TX 

1 HVsl 1 CI 1 UOUI 1 , I /x 


(201) 335-1766 


Kansas 


1 1 1 0-41 UU 


(2141 783-0800 


New York 


Lenexa, KS 


Austria 


Sunarlanri TX 


Farmingdale, NY 


(913) 492-5406 


Eurodis Electronics 


(7131 448-0800 


(516) 391-3000 


Maryland 


43-1-610620 


Washington 


Pittsford, NY 


Columbia, MD 


Belgium 


Kirkland, WA 


(716) 381-9700 


(410) 290-3800 


Acal Electronic Division 


(206) 820-8100 


North Carolina 


Massachusetts 


32-2-720-5983 


Wisconsin 


Raleigh, NC 


Woburn, MA 


China 


Wauwatosa, Wl 


(919) 790-8094 


(617) 938-6200 


Waslin(H.K.)Limited 


(414) 258-5338 


Ohio 


Minnesota 


852-693-681 1 




Cleveland, OH 


Minneapolis, MN 


Czech Republic 


■ INTERFACE ELECTRONICS (216) 447-1520 


(612) 831-2666 


HT-Eurep Elec.spol.sr.o. 


Massachusetts 


Texas 


New Jersey 


42-2-683-3858 


Hopkinton, MA 


Dallas, TX 


Edison, NJ 


Denmark 


(508) 435-0100 


(214) 248-1603 


(908) 417-1000 


Micronor 




Stafford, TX 


Mt. Laurel, NJ 


45-86-81-65-22 


■ MILGRAY ELECTRONICS 


(713) 240-5360 


(609) 273-6420 


Finland 


California 


Utah 


New Mexico 


Dalma Electronics Oy 


Camarillo, CA 


Murray, UT 


Albuquerque, NM 


358-0271-1800 


(805) 484-4055 


(801) 261-2999 


(505) 884-1900 


France 


Irvine, CA 




North Carolina 


Avnet EMG SA. 


(714) 753-1282 


■ NEWARK ELECTRONICS 


Raleigh, NC 


33-1-4965-2500 


San Jose, CA 


Illinois 


(919) 790-8634 


Rep'Tronic 


(408) 456-0900 


Chicago, IL 


Ohio 


(Representative) 


Canada 


(312) 907-5436 


Solon, OH 


33-1-6013-9300 


Mississauga, ON 




(216) 248-1122 


Germany 


(905) 678-0958 






Atlantik Elektronik 
49-89-857-0000 
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Future Electronics GmbH 


Zetex PLC 


Malaysia 


South Africa 


49-899-571950 


44-61-627-4963 


Dynamar 


Tarsus Technology P.V.T. 


Sprogies Electronic 


Ireland 


60-4-228-1860 


27-11-886-3165 


(Representative) 


Bloomer Elec. Ltd. 


The Netherlands 


Slovenia & Croatia 


49-81-068882 


44-762-339818 


Alcorn Electronics BV 


Cadix d.o.o. 


Great Britain 


Israel 


31-10-451-9533 


386-61-1592577 


D.T. Electronics Ltd. 


STG International 


New Zealand 


Spain 


44-203-525-466 


972-3-696-5231 


Components & 


Comelta, S.A. Barcelona 


Farell Dialogue 


Italy 


Instrumentation NZ Ltd. 


34-3-582-1991 


44-279-442971 


Comprel, S.P.A. 


64-4-566-3222 


Comelta, S.A. Madrid 


Future Electronics Ltd. 


39-3-6255-3991 


Norway 


34-1-327-0614 


44-753-687000 


Comprel Rep S.R.L. 


BIT Elektronikk A.S. 


Sweden 


Joseph Electronics 


39-2-612-8486 


47-66-98-1370 


Dipcom Electronics AB 


44-21-643-6999 


Japan 


Poland 


46-87-522-480 


Greece 


Microtek Inc. 


HT-Eurep Elec.sp.zo.o. 


Switzerland 


Drogeta Engineering 


81-33-371-4071 


48-2-621-7704 


Computer Controls AG 


30-1-881-0948 


Systems Marketing 


Portugal 


41-1-313-0616 


Hong Kong 


81-33-254-2751 


Comelta, S.A. 


Taiwan 


Cet Ltd. 


Korea 


351-1-941-6507 


Landcol Enterprises 


852-485-3899 


Amerix Corporation 


Singapore 


886-2-377-6070 


Hungary 


82-2-423-9623 


Dynamar 


Thailand 


HT-Eurep Elec.kft. 


Sangsoo Electronics Co. 


65-281-3388 


Dynamar 


36-1-270-167 


82-2-780-5360 




66-2-376-0132 


India 


Lithuania, Latvia 




Turkey 


Hynetic Electronics 


& Estonia 




Politeknik Elektronik 


91-80-620-852 


Rytter 




90-232-232-7432 



370-7-206244 
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Silicon Timed Circuits 

Silicon Timed Circuits (often referred to as 
delay lines) are chips that make subtle adjust- 
ments to the timing of high-performance elec- 
tronics so that they will perform optimally. 
Because of the precision that lasers provide, 
some Silicon Timed Circuits can make timing 
adjustments down to a fraction of a nanosec- 
ond, which is the time it takes light to travel 
about a foot. For more information, call our 
Timing Problem Hotline at (214) 450-5348. 

Timekeeping 

A self-contained lithium energy source in con- 
junction with a silicon chip and quartz form a 
permanently powered clock/calendar within a 
single component. Various computer inter- 
faces are available including phantom, serial, 
PC DOS, and bytewide memory. 

Automatic Identification 

Touch Memory™ is a self-stick, Silicon Label™ 
in a stainless steel can. This MicroCan™ 
provides all the advantages canning has to 
offer, such as low cost, ruggedness, and the 
ability to preserve contents. The MicroCan's 
greatest advantage, however, is that a 
standalone chip can leave the confines of the 
computer and travel virtually anywhere to bring 
digital data to the point of use. Information can 
be updated time after time while the label is 
still affixed to its object. Wherever the silicon- 
labelled object goes, information is served up 
on the spot without recourse to remote net- 
works. This family also includes low-cost 
memory chips in TO-92 packages. 
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PRODUCT OVERVIEW 




Software Authorization 

Software Authorization products protect soft- 
ware applications from unauthorized execu- 
tion and provide a means for PC and network 
access control. Software protection is achieved 
by using a Button as the "on" switch for a 
software application. The presence of a But- 
ton and validity of its contents determine 
the right to use. Buttons are very effective for 
implementing time- or count-based meter- 
ing as a way of extending the temporary right 
to use software while maintaining protection 
control. 

User-lnsertable Memory 

Nonvolatile memories with densities from 256 
to four million bits are packaged so that they 
can be simply plugged in. A built-in lithium 
energy source ensures storage of programs 
and data for more than 10 years in the ab- 
sence of power. Applications for such products 
include portable data carrier, computer identifi- 
cation, system access control, secure person- 
nel areas, calibration, automatic system setup, 
and traveling workrecords. All products can be 
read or written by a PC. 

Microcontrollers 

The DS80C320 High-Speed Micro is an 8051 
family device thai offers the highest perfor- 
mance in the industry for an 8-bit microcon- 
troller. Pin- and instruction set-compatible 
with the standard 80C32, the High-Speed 
Micro uses only 4 clocks per instruction, as 
compared with 12 on other 8051 's. Our 
DS500x Soft Micros convert industry- 
standard bytewide SRAM into high- 
performance, nonvolatile read/write storage. 
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PRODUCT OVERVIEW 




System Extension 

These products add a variety of special fea- 
tures to systems without encumbering design. 
A digital potentiometer is an all-silicon version 
of an electrical element used in almost all 
electronic equipment. Whereas mechanical 
pots are usually brought up to the surface of 
the equipment and adjusted with a dial, digital 
pots can be set remotely while they are in a 
system. CPU supervisors monitor vital condi- 
tions for a microprocessor. 

Nonvolatile RAM 

Dallas Semiconductor has combined its cir- 
cuitry and understanding of ultra low-power 
CMOS SRAM with improvements in long-life 
lithium power sources to develop a family of 
nonvolatile RAMs that retain data for more 
than 10 years in the absence of main power. 
When power goes out of tolerance, the built- 
in lithium energy source automatically switches 
on and write protection guards data from 
garbling during power loss. 

Telecommunications 

A comprehensive product family addresses 
the requirements of high-speed, digital voice/ 
data transmission and monitoring in T1 , CEPT, 
or Primary Rate ISDN networks. ADPCM pro- 
cessors double or quadruple the capacity of 
voice communication channels through DSP 
compression techniques. 

Battery Backup & Chargers 

The Battery Backup chip set crashproofs mi- 
croprocessor-based systems, ensuring that 
no information is lost when main power fails. 
When power returns, computing resumes as if 
the failure had not occurred. Battery Chargers 
contain all the circuitry needed to recharge a 

package. 
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PRODUCT OVERVIEW 




Teleservicing 

Teleservicing products can monitorequipment 
performance 24 hours a day, release software 
revisions, perform diagnostics, and make ad- 
justments — all from a desktop computer over 
an ordinary telephone line. 



SIP Stik Prefabs 

SIP Stiks are pretested subassemblies that 
snap into locking connectors for rapid con- 
struction of electronic systems. SIP Stiks in- 
crease density over traditional packing 
schemes five times by taking advantage of 
three, rather than the standard two, dimen- 
sions. SIP Stiks insert perpendicularly into the 
motherboard, making efficient use of the height 



S os.a.6 g 
























Intelligent Sockets 

Intelligent Sockets incorporate active elec- 
tronics in connectors that can be plugged into 
a system. Each adds an important capability 
without requiring substantive changes in the 
system. Some products in this family safe- 
guard data in RAM for more than 1 years in 
the absence of external power. Others can 
time stamp and date events as well as 
nonvolatize RAM. 

Multiport Memory 

A complete family of FIFOs features identical 
pinouts that allow them to be interchanged. 
Designed for first-in, first-out processing for 
storing and retrieving data, the products are 
dual-ported for simultaneous reads and writes. 
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CORPORATE FACT SHEET 



Dallas Semiconductor Corporation designs, 
manufactures, and markets electronic chips 
and chip-based subsystems. Founded in 1 984, 
the Company uses customer problems as an 
entry point to develop products with wide- 
spread applications. The Company is commit- 
ted to new product development as a means to 
increase future revenues and to diversify its 
markets, products, and customers. 

Advanced technologies have given the Com- 
pany a competitive edge over traditional ap- 
proaches to semiconductors. Combining 
lithium energy cells with low-power CMOS 
chips powers chips for the useful life of the 
equipment. Direct laser writing enhances chip 
capabilities with high levels of precision and 
unique identities. 

In its 10-year history, Dallas Semiconductor 
has developed 190 base products with over 
1 ,000 variations shipped to more than 8,000 
customers worldwide. A direct sales force and 
distribution network sell to original equipment 
manufacturers (OEMs) in personal computers 
and workstations, scientific and medical equip- 
ment, industrial controls, automatic identifica- 
tion, telecommunications, consumer electron- 
ics, and other markets. 

Sales for 1 993 totaled $1 56,860,000. Dallas 
Semiconductor has 748 employees. On 
March 19, 1990, the Company started trad- 
ing on the New York Stock Exchange under 
the symbol DS. 

TECHNOLOGY 

Dallas Semiconductor's special technolo- 
gies make possible Soft Silicon™ solutions — 
dynamic, flexible, chip-based products that 
can be molded in the final manufacturing 
stages or during use. Soft Silicon is made 
possible by lithium energy and direct laser 
writing. 

Lithium 

Using micro energy management techniques, 



Dallas Semiconductor has reduced power re- 
quirements to the point where a miniature 
lithium energy source powers products for the 
useful life of the equipment. Chips and Stiks 
(snap-in subassemblies) are made virtually 
crashproof with minimum current design tech- 
niques and special freshness seals that keep 
lithium cells from expending any energy until 
power is applied for the first time. Through 
these technologies, Dallas products remem- 
ber data throughout their operating life and 
can accept change. 

Laser 

Direct laser writing makes each chip unique 
at low cost. A sub-micron positioning laser 
and control software developed at Dallas 
can engrave individual chips with digital 
patterns. This ability to routinely alter, re- 
configure, or program individual chips after 
completion of wafer fabrication broadens 
the application base of products having 
similar design. Direct laser writing allows 
Dallas Semiconductor to develop highly 
accurate products for applications where 
precision is paramount. 

As a result of these Late Definition technolo- 
gies, exact chip definition can be left to the 
OEM. Certain chips can even be defined 
and redefined by the end system itself. 

MANUFACTURING AND FACILITIES 

As of January 7, 1994, the Company owns 
309,000 square feet of building space and 
22.9 acres of land in Dallas. The Company's 
wafer fabrication facility is a model of effi- 
ciency and is capable of producing all of its 
requirements. An expansion of that facility 
will begin production in mid-1994. When 
fully equipped, this facility will more than 
double the Company's fabrication capacity 
and make available the latest technology, 
permitting the design of circuits with geom- 
etries as small as 0.5 microns. 
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QUALITY AND RELIABILITY 



QUALITY SYSTEM 

Product quality at Dallas Semiconductor results from a 
combination of design techniques, vendor controls, 
manufacturing methods, process monitors, and quality 
control inspections. SPC monitors placed at strategic 
points ensure that potential defects are detected 
promptly. 

QUALITY CONTROL PROCESSES 

• Incoming Quality Control (IOC): Piece parts and raw 
materials are inspected by IQC. New vendors and 
piece parts receive a First Article Inspection; subse- 
quent incoming materials receive a sample inspection 
perMIL-STD-105. 

• In-Process Inspections: Each manufacturing opera- 
tion inspects its own work, ensuring immediate feed- 
back and preventing deviations from going unde- 
tected due to subsequent processing. 

• Statistical Process Control (SPC): Implemented in 
manufacturing, this process determines what inputs 
to the product flow are critical and how to track and 
control those inputs. Quality Engineering provides 
training, computer analysis, and feedback to 
manufacturing. 

• In-Process Sample Tests: In order to guarantee the 
accuracy and completeness of in-process inspec- 
tions and SPC monitors, QC Toll Gates at strategic 
locations perform sample inspections per MIL- 
STD-105. 

RELIABILITY SYSTEM 

Reliability is accomplished through a rigorous, compre- 
hensive methodology of qualifying, analyzing, and mon- 
itoring new equipment, processes, products, and pack- 
ages. A state-of-the-art environmental facility allows 
accelerated stresses to be performed and monitored in- 
house. In addition, a metallurgical laboratory has been 
equipped to perform real-time x-ray, x-ray florescence, 
and solderability measurements. 

To minimize the human influence on the outcome of the 
reliability activity, a dedicated group of technicians and 
assistants handle all reliability stressing and testing. 
Reliability data resides on a customized computer- 
based tracking and retrieval system. Technical support 
includes oven and chamber calibrations, 1 00% electri- 
cal board checks, and strict electrostatic protection. 



PRODUCT QUALIFICATION 

Product qualification activity at Dallas Semiconductor 
involves a series of accelerated stress tests applied to 
production-ready material and follows a defined qualifi- 
cation plan. Random samples from at least three pro- 
duction lots, equally representing the production ver- 
sion of the product, are tested to meet reliability 
requirements. Any device failures detected during pro- 
duction qualification or subsequent monitoring are fully 
analyzed in our Failure Analysis Laboratory. 

Products at Dallas Semiconductor fall into one of three 
classifications: Prototype or Engineering Sample, Pre- 
qual, and Fully Qualified. 

• Prototype or Engineering Sample: Prototype prod- 
ucts have not been fully characterized to all data sheet 
limits. However, based upon limited data, these prod- 
ucts will meet data sheet limits. Final test and all pro- 
cesses used to manufacture the product are under 
engineering control. Qualification of the product has 
not started. The brand on prototype products will be 
proto or ES. 

• Prequal: Prequal products meet prototype require- 
ments and are characterized to all data sheet limits. 
Final test and all processes used to manufacture the 
product are stable and under manufacturing control. 
Qualification of the product has started. 

• Fully Qualified: Fully qualified products meet proto- 
type and prequal requirements. The qualification re- 
quirements given in the next section have been com- 
pleted. Product must statistically meet reliability 
failure rates and quality requirements as established 
by Quality and Reliability Engineering. 

Tables 1 , 2 and 3 list the tests which a Dallas Semicon- 
ductor product must pass in order to be classified as ful- 




RELIABILITY MONITOR PROGRAM 

In order to maintain continuous qualification status on all 
products, Dallas Semiconductor has implemented an 
extensive Reliability Monitor Program (RMP). The RMP 
monitors all design, wafer fabrication, and assembly pro- 
cesses in the qualified products database. Product is 
selected monthly from finished goods and subjected to a 
series of reliability tests similar to those used in the origi- 
nal qualification. Any failures generated from these tests 
require analysis to root cause and corrective action. 

Data from the RMP is published quarterly and is avail- 
able on demand. 
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QUALITY AND RELIABILITY 



FULL QUALIFICATION REQUIREMENTS FOR INTEGRATED CIRCUIT PRODUCTS Table 1 



STRESS/TEST 


CONDITION 


DURATION 


ACCEPTANCE CRITERIA 
(LTPD) 


Outgoing Elec. Test 


Data Sheet 


Hr. 


0.15% 


Infant Life 


125°C, 7.0V 


48 Hr. 


0.3% 


High Temperature 
Operating Life 


125°C, 5.5V 


■i Ann Ur 

1 uuu nr. 


*n AO/ 
U.47b 








Use Condition Prediction 


55°C, 5.5V 


1 years 


50 Fits 


High Voltage Life 


125°C, 7.0V 


1000 Hr. 


*0.4% 


High Temperature Storage 


150°C, No Bias 


1000 Hr. 


2.0% 


Temperature Humidity Bias 


Bo O/0O% HH, o.ov 


1 000 nr. 


■i no/ 
1 .0% 






Autoclave 


1 21 °C, 2 ATM Steam, 
Unbiased 


168 Hr. 


1.5% 











Temperature Cycle 


-55°C to+125°C 


1 000 cycle 


1 .0% 


X-Ray 


MIL-STD-883 
Method 2012 




15% 


Bond Pull 


MIL-STD-883 
Method 2011 


Premold 


1 .5% 


Dimensions 


MIL-STD-883 
Method 2016 




15% 


Lead Integrity 


MIL-STD-683 
Method 2004 




3.0% 








Solderability 


MIL-STD-883 


8 Hr. Steamage 


3.0% 




Method 2003 






ESD 






> ±1000 volts 


MIL-STD-883 
Method 3015 




Latch-up 


JEDEC Std. 17 




> 100 mW/pin 



* Combined high voltage life and operating life requirement. 
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FULL QUALIFICATION REQUIREMENTS FOR MODULE PRODUCTS Table 2 



STRESS/TEST 


CONDITION 


DURATION 


ACCEPTANCE CRITERIA 
(LTPD) 


Outgoing Elec. Test 


Data Sheet 


OHr. 


0.15% 


Use Condition Prediction 


55°C, 5.5V 


10 years 


50 Fits 


- 

High Temperature Storage 


85 C, No Bias 


1000 nr. 


2.0% 


Temperature Humidity 
Bias 


85°C/85% RH, 5.5V 


959 Hr. 


1 .0% 


Temperature Cycle 


-40°C to +85°C 


1 000 cycle 


1 .0% 


X-Ray 


MIL-STD-883 




15% 




Method 2012 








MIL-STD-883 
Method 201 6 






Dimensions 




15% 










Lead Integrity 


MIL-STD-883 
Method 2004 




3.0% 


Solderability 


MIL-STD-883 
Method 2003 


8 Hr. Steamage 


3.0% 



* Selected products. 



FULL QUALIFICATION REQUIREMENTS FOR SIPSTICK AND 
TOUCH MEMORY PRODUCTS Table 3 











ACCEPTANCE CRITERIA 


STRESSfTEST 


CONDITION 




DURATION 


(LTPD) 


Outgoing Elec. Test 


Data Sheet 




OHr. 


0.15% 










High Temperature Storage 


85°C, No Bias 


1000 Hr. 


7.0% 


Temperature Humidity 


60°C/90% RH 





288 Hr. 


7.0% 


Temperature Cycle 


-40°C to +85°C 




500 cycle 


7.0% 
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AUTOMATIC IDENTIFICATION 

Although human-readable labels have been used for 
ages, it was the advent of computer-readable labels 
that quickly revolutionized the way grocery stores oper- 
ate and made possible the overnight delivery of pack- 
ages. When error-prone — and time consuming — key 
entry was replaced by bar codes, it became convenient 
to build large databases to help in making accurate and 
timely decisions. 

In the next step in the evolution of labelling technology, 
ink-on-paper bar codes are surpassed by silicon 
media. With Dallas Semiconductor's automatic identifi- 
cation technology, a chip becomes the label that can 
serve as a standalone data base. Attached to an object 
or carried by a person, the chip identifies and carries 
relevant information available instantly with little or no 
human intervention. People access secure areas with 
convenience, health care professionals accurately 
create records, and workers efficiently track items as 
they travel along the assembly line. 

Three distinct limitations of bar codes are overcome by 
chips: 

- They hold significantly more information. 

- Information on the chip can be changed; chips can 
be updated via computer while affixed to their 
object. 

- Cost of access points, that is the communication 
with computers, is drastically lower because of 
direct, chip-to-chip digital data transfers. 

LABELLING WITH SILICON 

The concept of labelling is simple. Information accom- 
panies an object to supply on-the-spot data to whom- 
ever needs it. Computer-readable labels offer even 
greater value because of the speed and accuracy with 
which information can be read. However, the need to 
keep information current on the labels in a dynamic pro- 
cess begs for a more powerful medium than paper 
labels, which must be removed, re-printed, and 
replaced in order to be updated. Just as word proces- 
sing has revolutionized the writing process by facilitat- 
ing editing and subsequent communication, silicon will 
change the role of labels in the design of a modern data 
collection system. Chip—based labels become instant 
sources of digital information that is directly associated 
with the escorted object. 

In order to put memory chips into smaller, less costly, 
and more durable packages, Dallas Semiconductor has 



reduced the number of wires required for a chip to com- 
municate with another chip. Whereas most chips 
require eight or more connections for two-way commu- 
nications, a minimalist design of one conductor plus 
ground was devised to expand silicon's role into the 
realm of labelling. 

The chip— based labels are available in two very different 
forms. Packaged in small stainless steel "MicroCANs", 
they are called Touch Memories. The same silicon parts 
put into transistor packages or surface-mount pack- 
ages are generally called solder-mount products. 



It's About the Size of a Dime 
16mm 




MICROCANS 

The lowest cost method of making a chip into a comput- 
er-readable label is to reduce its many minute conduc- 
tors to just one and extend it to a larger easy-to-contact 
point. The simplest arrangement is a single data con- 
ductor plus a ground contact. In this way, a two-piece 
stainless steel container called a MicroCan™ serves 
both as protective housing and electrical contacts: lid 
(data) and rim (ground). Its circular shape guides a sim- 
ple, cup-shaped probe over its rounded surfaces even if 
struck with significant misalignment. The 16 mm button 
shape serves all Touch Memories. 

While Touch Memories share some of the characteris- 
tics of bar codes, these chip— based data carriers have 
many advantages over ink-on-paper technology: 

- Touch Memories can be read without expensive 
electro- optical equipment. 

- Touch Memories can hold up to 1600 times the 
data of bar codes, with larger capacities in devel- 
opment. 

- Each Touch Memory proves its identity by its 
unique registration number. 
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- The registration number of a Touch Memory acts 
as node address to access the device as part of an 
unlimited network. 

- The contents of the chip data carriers can be 
changed while attached to an object. 

- Touch Memories accommodate over one million 
changes. 

- A clam-shell, steel container called a MicroCan is 
better suited to harsh operating environments. 

- Hand-held equipment can be made smaller, 
lighter, and less expensive since virtually no 
energy is needed to read or write. 

All communication with Touch Memories is reduced to a 
single signal plus ground. Long and short pulses 
encode the binary 1 's and O's. Because Touch Memo- 
ries are digital circuits, they talk directly to other chips in 
a computer, resulting in minimal cost interface using one 
CMOS/TTL logic signal. A reader/writer for Touch 
Memories can be implemented with just one spare I/O 
line of a microcomputer, often a free resource in a sys- 
tem. The signalling rate of Touch Memory was chosen 
so that a computer's serial port (UART) operating at 
115.2k bits per second (bps) can supply the timing by 
sending a bit for a byte (1 1 5.2 divided by 8 is 1 4.4k bps). 

ATTACHMENT METHODS 



Stick-It 



Clip-It 



Press-It 




and travel virtually anywhere to bring digital data to the 
point of use. 

In addition to protecting the silicon chip, the MicroCan is 
the touch point for electrical contact, a placard for the 
human-readable engravings, and a fastener for attach- 
ing the enclosed chip to an object. The attachment 
methods include pressure-sensitive adhesive, press- 
fit, grooved clip, etc. 

Data is transferred between this stick-on memory chip 
and a computer with a quick electrical contact to the 
case. Using electrical conductivity, data flows to and 
from the enclosed memory chip through the lid of the 
can using its rim as the ground return. 

Once mounted, the MicroCan can accept a snap-on 
fastener that sustains the electrical contact for commu- 
nication. This communication link can be wired or a 
wireless Skyhook™ if the snap-on incorporates a radio 
or IR transceiver. 



(Photo) 



AMANDA 
CLARK 



to- 







-SNAP-ON 
WIRELESS 
RFORtR 
LINK 



Silicon chips haven't been able to attach to anything 
except printed circuit boards. Touch Memory, by con- 
trast, can be attached to just about anything. A funda- 
mental bond is established between an object and its 
digital data. 

IDENTIFICATION BY TOUCH 

A memory chip enclosed in a button-shaped, stainless 
steel package called MicroCan™ provides all the 
advantages canning has to offer such as low cost, 
ruggedness, and the ability to preserve contents. But 
perhaps the MicroCan's greatest advantage is that a 



A Skyhook snaps on the Touch Memory Button to com- 
municate by proximity. 

The 1 6mm diameter of the MicroCan provides sufficient 
area for much larger silicon chips than are currently sup- 
plied - one million bits and beyond. Other consider- 
ations for the MicroCan design included handling and 
the ergonomics of touching. The 16mm size is slightly 
smaller than the minimum coin size, the lock core face 
on door knobs, and the 1 9mm button spacing of IBM AT 
computer keyboards. 
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An optimum system design will rely on one or more of 
the following advantages of Silicon Labels™: 

- High capacity: Printer's ink is no match for the 
density of a microchip. 

- Re-usable: Change the data, not the label; Touch 
Memory can be recycled over and over again. 

- Durable: Chips are encased in stainless steel. 

- Legible: Information is written in digital form, mak- 
ing "print quality" absolute; every read is totally 
tested for data integrity. 

- Low Cost of Access: Readers consist of inexpen- 
sive metallic conductors rather than more compli- 
cated, power-consuming equipment. Those same 
metal contacts are also writers; no printers are 
required. A Silicon Label communicates directly 
with the other silicon chips inside equipment. 

- Mounting Options: Touch Memory can be affixed 
with its self-stick adhesive backing, latched by its 
flange, or locked with a ring pressed on to its rim. 

- Action at a Distance: Read or write > 1 00 meters 
away by simple extension of conductive surfaces. 

- Selectivity: Data files are pinpointed with an on- 
chip directory, then randomly accessed. 

- Group Access: Multiple Touch Memories sharing 
the same conductive surfaces are individually 
addressed even though they form a group. Loca- 
tion is precisely determined by the specificity of the 
contact surface. 

- Traceable: Each Silicon Label™ has a passively 
readable, never-duplicated registration number. 
This number is engraved on the steel MicroCan as 
well as on the silicon chip inside. 

- Authenticity: The permanent registration number 
is impractical to counterfeit and guaranteed to be 
unique. 

- Digital Continuum: Stores any symbology, 
including ASCII, for hardware- and software-in- 
dependence. 

Data is stored in Touch Memories using a file structure 
very similar to floppy disks. This file structure uses pack- 
etized data and scratchpad verification prior to writing 
so that Touch Memories can operate with data integrity 
even when electrical contact is intermittent and highly 
resistive. A sector of a floppy roughly corresponds to a 
page of Touch Memory. A directory on each chip tells 
what packetized files are stored, where each file is 
located, and how many pages each file occupies. In this 
way, CRC-checked information can be randomly 
accessed for quick response. 



An extension of the conductive surfaces can be 
arranged so that the Touch Memory need not be 
"touched" directly. Instead, an extended surface con- 
tacting the MicroCan can be touched with a reader/ 
writer for wider alignment tolerances, often with little or 
no worker involvement. 

READY FOR NETWORKING 

Silicon labels are inherently network-ready for digital 
communications. They can be written as easily as they 
can be read, and they have the lowest access point cost 
of any computer-readable media. Touch Memories 
transport digital data in two ways: 1) as the objects to 
which they are attached move, and 2) by accepting and 
distributing data to computers and their networks. The 
sources of information can always be pin pointed 
because of the globally unique address (registration 
number) is permanently lasered in each silicon chip. 

Each Touch Memory has a built-in network controller so 
that many devices can be grouped on a single master 
1-Wire bus to form what is called a MicroLAN. This fur- 
ther reduces the cost of an access point by supporting 
clusters of Touch Memories with a single 1 -wire bus for 
point to multi-point communication. 

The user need not worry about conflicting node 
addresses in a multi-point environment because the 
unique lasered registration number is used to specify 
the node. The contact range between the master and 
individual Touch Memory can reach out 300 meters 
using twisted pair cable commonly used for telephones 
(30pF/m, 24 gauge). 

Wherever the silicon-labeled object goes, information 
is served up on the spot without recourse to remote net- 
works. Objects that carry digital data form a multipoint 
communication system - a subnetwork- that moves 
information to every point of activity and feeds computer 
networks. 

BOOK OF DS19XX STANDARDS 

Dallas Semiconductor has published a set of standards 
that allows Touch Memory to operate with all hardware 
and software platforms. An implementation of this stan- 
dard, Touch Memory Executive™ (TMEX), is included 
with the DS0620 upgrade to the DS9092K Touch 
Memory Starter Kit for Microsoft Windows™ based 
PCs. 
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SILICON FOOD CHAIN 

Chip to chip to chip . . . 




• \ Hand-held PDA 
Touch Pen 

Touch Memory Nest 

Touch Memory 



VI 



MOVING BEYOND PAPER 

Writing on paper developed as an extension of the 
human memory. In much the same way, Touch Memory 
extends the computer's memory. But the similarities 
between paper and silicon don't stop there. Just as 
paper accepts the characters of any language, Touch 
Memory can store any computer symbologies, includ- 
ing ASCII characters. Forms were invented to give 
structure to data so that information can be communi- 
cated efficiently. With Touch Memory, data is structured, 
in conjunction with software, using on-chip directories 
and files in a manner similar to floppy disks. Like self- 
stick notes, whose popularity derives from the fact that 
they attach with ease, Touch Memory is available with 
adhesive backing. However, there are many other 
mounting options to allow Touch Memory to attach to 
metal, plastic, fabric - virtually anything. 

The silicon chip with sub-micron photolithography 
packs many orders of magnitude more information in a 
given area than ink on paper. Once written, paper is diffi- 
cult to re-use. Touch Memory can be updated on 
demand and used over and over again. Paper is a bur- 
den because it requires human intervention to do virtu- 



ally anything with it. Touch Memory, by contrast, is read 
with no transcription errors and has packetized digital 
data that is computer network-ready. 

Data is rarely created - it's most often copied or re-ar- 
ranged and combined with other information. Take for 
example your name, birth date, and social security num- 
ber. They are created once and you copy them through- 
out your life. Or consider the constant need for photoco- 
pying machines that never create data, only copy it. 
With Touch Memory, the functionality of the copying 
machine is built into the silicon medium. Making copies 
of copies eventually makes paper unreadable. Silicon 
contrasts with paper media in that the millionth copy is 
as good as the original because of digital recording. If 
copying is undesirable, lock bits, add-only memory, 
passwords and encryption can be employed. 

Paper forms are often numbered to insure complete- 
ness and to reference in the future. Touch Memory has a 
permanent registration number engraved into each 
chip. The registration number is a credential that 
authenticates its membership in the registry of the 
sourcing company. In this way, Touch Memory can be 
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tracked and non-registered numbers can be excluded 
from a particular application. 

Finally, paperwork plays an important role in bridging 
islands of automation, carrying instructions and records 

EVERY TOUCH MEMORY IS REGISTERED 



about objects to which they are attached. Labels are for- 
ward messengers to the next system. Silicon Labels 
extend the reach of computing by forming digital con- 



duits 1 



between isolated 



computer networks. 




THE MAKING OF UNIQUENESS 

Each chip with MicroLAN interface is permanently 
engraved with a laser prior to canning. Dallas Semicon- 
ductor's procedure for lasering chips is tightly controlled 
so that the unalterable registration number is guaran- 
teed to be unique. By selectively removing 3-micron 
polysilicon links with a very precise laser beam, a digital 
number is etched using the binary pattern of the open or 
closed links. The links are then sealed with a protective 
layer of glass so that any tampering attempts would be 
evident. 

The never-duplicated registration number is in a pas- 
sively-powered portion of the chip. This Read Only 
Memory (ROM) has its power supplied from the 1-Wire 
signalling and is not affected by power conditions in the 
rest of the chip. The chip's number is also engraved on 
the lid of the stainless MicroCan as a human-readable 
marking. Even if the electrical circuit were inoperative 
and the package marking was not legible, the registra- 
tion number could be recovered directly from the chip 
under high magnification. 



The uniqueness and absolute traceability of the number 
results from the technology employed and special pro- 
cedures. First, a link that's open can't be reformed, and 
any attempt to open a link would require breaking the 
protective layer of glass. Strict internal controls include 
special access control to the room where the chips are 
lasered, software that regulates the process, and a 
Cyclic Redundancy Check (CRC) that verifies numbers 
have been assigned correctly. Attempts to modify the 
registration number will cause the CRC to become 
incorrect, providing additional evidence of tampering. 
And finally, the large 10 17 number pool assures an 
ample supply of codes. 

In systems, the unique number serves as a reference 
number just like a license plate number, phone number, 
network node address, serial number, or social security 
number. Other applications benefit by using the never- 
duplicated number to seed an encryption algorithm to 
protect the other memory on the chip from unauthorized 
decryption. 
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TOUCH FAMILY 



Part 


Description 


Registration # 


Memory 


Organization 


Scratchpad 


MicroLAN 


Family Code 


DS1 990A 
F3/F5 


Touch Serial Number 


8+48+8 bits ROM 








Yes 


01 H 


DS1991LF5 


Touch MultiKey, 
3 secure partitions 


8+48+8 bits ROM 


1 ,344 bits NV RAM 


3x64 bits + 
3x384 bits 


512 bits 


Yes 


02H 


DS1992L F5 


Touch Memory 


8+48+8 bits ROM 


1,024 bits NV RAM 


4x256 bits 


256 bits 


Yes 


08H 


DS1993LF5 


Touch Memory 


8+48+8 bits ROM 


4,096 bits NV RAM 


16x256 bits 


256 bits 


Yes 


06H 


DS1994L F5 


Touch Memory Plus 
Time 


8+48+8 bits ROM 


4,096 bits NV RAM 


16x256 bits 


256 bits 


Yes 


04H 


DS1995L F5 


Touch Memory 


8+48+8 bits ROM 


16,384 bits NV RAM 


64x256 bits 


256 bits 


Yes 


OAH 


DS1996L F5 


Touch Memory 


8+48+8 bits ROM 


65,536 bits NV RAM 


256x256 bits 


256 bits 


Yes 


OCH 


DS1982 F3/F5 


Add-Only Touch 
Memory 


8+48+8 bits ROM 


1,024 bits EPROM 


4x256 bits 


8 bits 


Yes 


09H 


DS1985 F3/F5 


Add-Only Touch 
Memory 


8+48+8 bits ROM 


16,384 bits EPROM 


64x256 bits 


8 bits 


Yes 


OBH 


DS1986F3/F5 


Add-Only Touch 
Memory 


8+48+8 bits ROM 


65,536 bits EPROM 


256x256 bits 


8 bits 


Yes 


OFH 


DS1920F3/F5 


Touch Thermometer 


8+48+8 bits ROM 


16 bits EEPROM 


1x64 bits 


64 bits 


Yes 


10H • 
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SOLDER MOUNT PRODUCTS 



Part 


Description 


Registration # 


Memory 


Organization 


Scratchpad 


MicroLAN 


Family Code 


DS2401 


Silicon Serial Number 


8+48+8 bits ROM 








Yes 


01 H 


DS2502 


Add-Only Memory 


8+48+8 bits ROM 


1,024 bitsEPROM 


4x256 bits 


8 bits 


Yes 


09H 


DS2505 


Add-Only Memory 


8+48+8 bits ROM 


16,384 bits EPROM 


64x256 bits 


8 bits 


Yes 


OBH 


DS2506 


Add-Only Memory 


8+48+8 bits ROM 


65,536 bits EPROM 


256x256 bits 


8 bits 


Yes 


OFH 


DS2405 


Addressable Switch 


8+48+8 bits ROM 








Yes 


05H 


DS2404S-C01 


Dual-Port Memory 
Plus Time 


8+48+8 bits ROM 


4,096 bits RAM 


16x256 bits 


256 bits 


Yes 


84H 


DS2223 


EconoRAM 




256 bits RAM 


1x256 bits 






N/A 


DS2224 


EconoRAM Plus 
ROM 


32 bits ROM 


224 bits RAM 


1x256 bits 






N/A 



PRODUCT OVERVIEW 



ACCESSORIES FOR TOUCH MEMORY APPLICATIONS 
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Panel— Mount Probe 
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llnK 


Touch Port, tabbed MicroCan 
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link 

imK 


Touch Port, tabbed MicroCan with logo 
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link 

linK 


Panel— Mount Probe with tactile feedback 
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Clip for F5 MicroCan, Through— Hole Solder Mount 
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Clip for F5 MicroCan for Surface Solder Mount 
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MicroCan Retainer for Surface Solder Mount 
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Touch Pen Chip Set 


DS9099K 


kit 


Touch Pen Prototype Development Kit 


DS9102K 


kit 


Touch Memory Electronic Lock Demo Kit 


DS9103K 


kit 


Touch Memory Access Control Demo Kit 
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DS1990A 




DALLAS 

SEMICONDUCTOR 



DS1990A 

Touch Serial Number 



DS1990A SPECIAL FEATURES 

• Upgrade of DS1990 allows multiple Touch Serial 
Numbers to reside on a common bus 

• Unique 48-bit serial number 

• Low-cost electronic key for access control 

• 8-bit CRC for checking data integrity 

• Can be read in less than 5 ms 

• Operating temperature range of -40°C to +85°C 

COMMON TOUCH MEMORY FEATURES 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Multidrop controller for MicroLAN™ 

• Digital identification by momentary contact 

• Chip-based data carrier compactly stores information 

• Data can be accessed while affixed to an object 

• Economically communicates to bus master with a 
single digital signal at 16.3k bits per second 

• Standard 16 mm diameter and 1-Wire protocol 
ensure compatibility with Touch Memory family 

• Button shape is self-aligning with cup-shaped 
probes 

• Durable stainless steel case engraved with registra- 
tion number withstands harsh environments 

• Easily affixed with self-stick adhesive backing, 
latched by its flange, or locked with a ring pressed 
onto its rim 

• Presence detector acknowledges when reader first 
applies voltage 

• Meets UL#913 (4th Edit.); Intrinsically Safe Appara- 
tus, Approved under Entity Concept for use in ( 
I, Division 1 , Group A, B, C and D locations 



F3 MICROCAN™ 



0.3fr*j \*- 



DATA 




GROUND 



F5 MICROCAN™ 



0.36-»- 



DATA 



0.51 



T 




17.35 



GROUND 



All dimensions shown in millimeters 

ORDERING INFORMATION 

DS1990A-F3 F3 MicroCan 
DS1990A-F5 F5 MicroCan 

EXAMPLES OF ACCESSORIES 

DS9096P Self-Stick Adhesive Pad 

DS9101 Multi-Purpose Clip 

DS9093RA Mounting Lock Ring 

DS9093F Snap-In Fob 

DS9092 Touch Memory Probe 
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SILICON LABEL™ DESCRIPTION 

The DS 1 990A Touch Memory Button™ is a rugged data 
carrier that acts as an electronic registration number for 
automatic identification. The DS1990A consists of a 
factory-lasered, 64-bit ROM that includes a unique 
48-bit serial number, an 8-bit CRC and an 8-bit Family 
Code (01 h). Data is transferred serially via the 1-Wire 
protocol which requires only a single data lead and a 
ground return. The DS1 990A is fully compatible with the 
DS1990 Touch Serial Number but provides the addi- 
tional 1-Wire protocol capability that allows the Search 
ROM command to be interpreted by the DS1990A and 
therefore allows multiple DS1990A devices to reside on 
a single data line. 

The durable MicroCan package is highly resistant to 
environmental hazards such as dirt, moisture and 
shock. Its compact coin-shaped profile is self-aligning 
with mating receptacles, allowing the DS1990A to be 
used easily by human operators. Accessories permit 
the DS1990Ato be mounted on plastic key tabs, photo 
ID badges, printed circuit boards or any smooth surface 
of an object. Applications include access control, work- 
in-progress tracking, tool management and inventory 
control. 

OPERATION 

The DS1 990A's internal ROM is accessed via a single 
data line. The 48-bit serial number, 8-bit family code 
and 8-bit CRC are retrieved using the Dallas 1-Wire 
protocol. This protocol defines bus transactions in 
terms of the bus state during specified time slots that are 
initiated on the falling edge of sync pulses from the bus 
master. 



1-WIRE BUS SYSTEM 

The 1 -Wire bus is a system which has a single bus mas- 
ter system and one or more slaves. In all instances, the 
DS1 990A is a slave device. The bus master is typically 
a microcontroller. The discussion of this bus system is 
broken down into three topics: hardware configuration, 
transaction sequence, and 1-Wire signaling (signal 
type and timing). For a more detailed protocol descrip- 
tion, refer to Chapter 4 of the Book of DS19xx Touch 
Memory Standards. 

Hardware Configuration 

The 1-Wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 
at the appropriate time. To facilitate this, each device 
attached to the 1-Wire bus must have an open drain 
connection or 3-state outputs. The DS1990A is an 
open drain part with an internal circuit equivalent to that 
shown in Figure 2. The bus master can be the same 
equivalent circuit. If a bidirectional pin is not available, 
separate output and'input pins can be tied together. The 
bus master requires a pull-up resistor at the master end 
of the bus, with the bus master circuit equivalent to the 
one shown in Figure 3. The value of the pull-up resistor 
should be approximately 5 kQ for short line lengths. A 
multidrop bus consists of a 1-Wire bus with multiple 
slaves attached. The 1-Wire bus has a maximum data 
rate of 16.3k bits per second. 

The idle state for the 1-Wire bus is high. If, for any rea- 
son, a transaction needs to be suspended, the bus 
MUST be left in the idle state if the transaction is to 
resume. If this does not occur and the bus is left low for 
more than 1 20 (is, one or more of the devices on the bus 
may be reset. 



DS 1990 A MEMORY MAP Figure 1 



8-Bit CRC Code 



48-Bit Serial Number 8-Bit Family Code (01 h) 



MSB 



LSB MSB 



LSB MSB 



LSB 
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DS1990A EQUIVALENT CIRCUIT Figure 2 

Rx 



Data(inner surface) 



5 (iA 
Typ. 



100Q f 
MOSFET 



X/ Ground ( 
BUS MASTER CIRCUIT Figure 3 

A) Open Drain 



V DD 



BUS MASTER 



DS5000 OR 8051 EQUIVALENT 



Open Drain 
Port Pin 



Vdd 



5kQ 



— 1 To data connection 

of DS1990A 



B) Standard TU- 



BUS MASTER 



TTL-Equivalent 
Port Pins 



Vdd 




5 kQ 



To data connection 
of DS1990A 
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TRANSACTION SEQUENCE 

The sequence for accessing the DS1990A via the 
1-Wire port is as follows: 

■ 

• Initialization 

• ROM Function Command 

• Read Data 

INITIALIZATION 

All transactions on the 1-Wire bus begin with an initial- 
ization sequence. The initialization sequence consists 
of a reset pulse transmitted by the bus master followed 
by a presence pulse(s) transmitted by the slave(s). 

The presence pulse lets the bus master know that the 
DS1990A is on the bus and is ready to operate. For 
more details, see the "1-Wire Signalling" section. 

ROM FUNCTION COMMANDS 

Once the bus master has detected a presence, it can is- 
sue one of the four ROM function commands. All ROM 
function commands are eight bits long. A list of these 
commands follows (refer to flowchart in Figure 4): 

Read ROM [33h] or [OFh] 

This command allows the bus master to read the 
DS1990A's 8-bit family code, unique 48-bit serial num- 
ber, and 8-bit CRC. This command can only be used if 
there is a single DS1 990A on the bus. If more than one 
slave is present on the bus, a data collision will occur 
when all slaves try to transmit at the same time (open 
drain will produce a wired-AND result). The DS1990A 
Read ROM function will occur with a command byte of 



either 33h or OFh in order to ensure compatibility with 
the DS1 990, which will only respond to a OFh command 
word with its 64-bit ROM data. 

Match ROM [55h] / Skip ROM [CCh] 

The complete 1-Wire protocol for all Dallas Semicon- 
ductor Touch Memories contains a Match ROM and a 
Skip ROM command. (See the Book of DS1 9xx Touch 
Memory Standards.) Since the DS1 990A contains only 
the 64-bit ROM with no additional data fields, the Match 
ROM and Skip ROM are not applicable and will cause 
no further activity on the 1-Wire bus if executed. The 
DS1990A does not interfere with other 1-Wire parts on 
a multidrop bus that do respond to a Match ROM or Skip 
ROM (example DS1 990A and DS1 994 on the same 
bus). 

Search ROM [FOh] 

When a system is initially brought up, the bus master 
might not know the number of devices on the 1-Wire 
bus or their 64-bit ROM codes. The search ROM com- 
mand allows the bus master to use a process of elimina- 
tion to identify the 64-bit ROM codes of all slave devices 
on the bus. The ROM search process is the repetition of 
a simple 3-step routine: read a bit, read the comple- 
ment of the bit, then write the desired value of that bit. 
The bus master performs this simple 3-step routine on 
each bit of the ROM. After one complete pass, the bus 
master knows the contents of the ROM in one device. 
The remaining number of devices and their ROM codes 
may be identified by additional passes. See Chapter 5 
of the Book of DS1 9xx Touch Memory Standards for a 
comprehensive discussion of a ROM search, including 
an actual example. 
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ROM FUNCTIONS FLOW CHART Figure 4 
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1-WIRE SIGNALLING 

The DS1 990A requires strict protocols to insure data in- 
tegrity. The protocol consists of four types of signalling 
on one line: Reset sequence with Reset Pulse and 
Presence Pulse, write 0, write 1 and read data. All these 
signals except presence pulse are initiated by the bus 
master. 

The initialization sequence required to begin any com- 
munication with the DS1 990A is shown in Figure 5. A 
Reset Pulse followed by a Presence Pulse indicates the 
DS1 990A is ready to send or receive data given the cor- 
rect ROM command. 

The bus master transmits (Tx) a reset pulse ( a low sig- 
nal for a minimum of 480 [is). The bus master then re- 
leases the line and goes into receive mode (Rx). The 
1-Wire bus is pulled to a high state via the 5 kQ pull-up 



resistor. After detecting the rising edge on the data con- 
tact, the DS1990A waits (t PDH , 15-60 us) and then 
transmits the presence pulse (tpoi_, 60-240 u.s). 



READ/WRITE TIME SLOTS 

The definitions of write and read time slots are illustrated 
in Figure 6. All time slots are initiated by the master driv- 
ing the data line low. The falling edge of the data line 
synchronizes the DS1 990Ato the master by triggering a 
delay circuit in the DS1 990A. During write time slots, the 
delay circuit determines when the DS1 990A will sample 
the data line. For a read data time slot, if a "0" is to be 
transmitted, the delay circuit determines how long the 
DS1 990A will hold the data line low overriding the 1 gen- 
erated by the master. If the data bit is a "1", the Touch 
Memory will leave the read data time slot unchanged. 



INITIALIZATION PROCEDURE "RESET i 

MASTER T x "RESET PULSE" 



.. VpuLUJp 
VPULLU, 



VPULLUP 1 

ILLUPMIN V 

V|H MIN V 

VlLMAX 4; 

0V 1 



Figure 5 

MASTER R x "PRESENCE PULSE" 



45- 







*" t PDH 



■ tpDL -•- 



3 



RESISTOR 

MASTER 

DS1990A 



480 us < tpsTL < co * 

480 [xs < t R sTH < oo (includes recovery time) 
1 5 |iS < tpDH < 60 (i,S 
60|iS<t PDL < 240 ns 



• In order not to mask interrupt signalling by other devices on the 1-Wire bus, t RS TL + *R should always be less than 
960 us. 
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READ/WRITE TIMING DIAGRAM Figure 6 
Write-One Time Slot 
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1 "S < t REC < oo 



Write-Zero Time Slot 



., Vp ULLU p. 
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Read-Data Time Slot 
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MASTER SAMPLING 
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DS1990A 



60 us < tsLOT < 1 20 us 
1 us < tLOWR < 1 5 us 

< tRELEASE < 45 US 

1 us < tREC < oo 
t RDV = 15 M-S 
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CRC ASSEMBLY LANGUAGE PROCEDURE Table 1 



DO CRC: 



CRC LOOP: 



ZERO: 



PUSH 
PUSH 
PUSH 
MOV 

XRL 

RRC 

MOV 

JNC 

XRL 

RRC 

MOV 

POP 

RR 

PUSH 

DJNZ 

POP 

POP 

POP 

RET 



ACC 
B 

ACC 
B,#8 



A.CRC 
A 

A.CRC 

ZERO 

A,#18H 



A 

CRC.A 
ACC 
A 

ACC 

B,CRC_LO 
ACC 



B 



ACC 



; save the accumulator 
; save the B register 
; save bits to be shifted 
; set shift=8bits 

i 

; calculate CRC 

; move it to the carry 

; get the last CRC value 

; skip if data=0 

; update the CRC value 

; position the new CRC 
; store the new CRC 
; get the remaining bits 
; position the next bit 
; save the remaining bits 
; repeat for eight bits 
; clean up the stack 
; restore the B register 
; restore the accumulator 



CRC GENERATION 

To validate the data transmitted from the DS1 990A, the 
bus master may generate a CRC value from the data as 
it is received. This generated value is compared to the 
value stored in the last eight bits of the DS1 990A. The 
bus master computes the CRC over the 8-bit family 
code and all 48 ID number data bits, but not over the 
stored CRC value itself. If the two CRC values match, 
the transmission is error-free. 

An example of how to generate the CRC using assem- 
bly language software is shown in Table 1 . This assem- 
bly language code is written for the DS5000 Soft micro- 
controller which is compatible with the 8031/51 
Microcontroller family. The procedure DO CRC calcu- 



lates the cumulative CRC of all the bytes passed to it in 
the accumulator. It should be noted that the variable 
CRC needs to be initialized to before the procedure is 
executed. Each byte of the data is then placed in the 
accumulator and DO-CRC is called to update the CRC 
variable. After all the data has been passed to 
DO_CRC, the variable CRC will contain the result. The 
equivalent polynomial function of this software routine 
is: 




= x 8 + x 5 + x 4 + 1 



For more details, see the Book of DS19xx Touch 
Memory Standards. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 

* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 

DC ELECTRICAL CHARACTERISTICS (V PUP =2.8V to 6.0V; -40°C to +85°C) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Logic 1 


V| H 


2.2 




V C c +0-3 


V 


1 , 6 


Logic 


V|L 


-0.3 




+0.8 


V 


1 


Output Logic Low @4 mA 


Vol 






0.4 


V 


1 


Output Logic High 


Voh 




VpilP 


6.0 


V 


1,2 


Input Load Current 


II 




5 




\xA 


3 


Operating Charge 


Qop 






30 


nC 


7, 8 


CAPACITANCE 












(t A =25°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


1/0(1 -Wire) 


C|N/OUT 




100 


800 


PF 


9 


AC ELECTRICAL CHARACTERISTICS 




(V PUP =2.8V to 6.0V; -40°C to +85°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Time Slot 


tsLOT 


60 




120 


ms 




Write 1 Low Time 


t|_0W1 


1 




15 






Write Low Time 


( LOW0 


60 




120 


|iS 




Read Data Valid 


*RDV 


exactly 15 


lis 




Release Time 


^RELEASE 





15 


45 


MS 




Read Data Setup 


tsu 






1 


MS 


5 


Recovery Time 


tREC 


1 






MS 




Reset Time High 


tRSTH 


480 






MS 


4 


Reset Time Low 


tRSTL 


480 






MS 


10 


Presence Detect High 


tpDHIGH 


15 




60 


MS 




Presence Detect Low 


tpDLOW 


60 




240 


MS 





-0.5V to +7.0V 
-40°C to +85°C 
-55°Cto+125°C 
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NOTES: 

1 . All voltages are referenced to ground. 

2. Vp UP = external pull-up voltage. 

3. Input load Is to ground. 

4. An additional reset or communication sequence cannot begin until the reset high time has expired. 

5. Read data setup time refers to the time the host must pull the 1-Wire bus low to read a bit. Data is guaran- 
teed to be valid within 1 us of this falling edge and will remain valid for 1 4 ^s minimum. (1 5 us total from fal- 
ling edge on 1-Wire bus.) 

6. V| H is a function of the external pull-up resistor and the V C c supply. 

7. 30 nanocoulombs per 72 time slots @ 5.0V. 

8. At Vcc=5.0V with a 5 kQ pullup to Vqc and a maximum time slot of 1 20 us. 

9. Capacitance on the I/O pin could be 800 pF when power is first applied. If a 5 kQ resistor is used to pull up 
the I/O line to V C c. 5 us after power has been applied the parasite capacitance will not affect normal commu- 
nications. 

1 0. The reset low time (tRSTi) should be restricted to a maximum of 960 us, to allow interrupt signalling, other- 
wise, it could mask or conceal interrupt pulses if this device is used in parallel with a DS1994. 
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DALLAS 

SEMICONDUCTOR 



DS1991 

Touch MultiKey 



SPECIAL FEATURES 

• 1,152-bit secure read/write, nonvolatile memory 

• Secure memory cannot be deciphered without match- 
ing 64-bit password 

• Memory is partitioned into 3 blocks of 384 bits each 

• 64-bit password and ID fields for each memory block 

• 51 2-bit scratchpad ensures data transfer integrity 

• Operating temperature range: -40°C to +70°C 

• Over 1 years of data retention 

COMMON TOUCH MEMORY FEATURES 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Multidrop controller for MicroLAN™ 

• Digital identification and information by momentary 
contact 

• Chip— based data carrier compactly stores informa- 
tion 

• Data can be accessed while affixed to object 

• Economically communicates to bus master with a 
single digital signal at 16.3k bits per second 

• Standard 16 mm diameter and 1-Wire protocol 
ensure compatibility with Touch Memory family 

• Button shape is self-aligning with cup—shaped 



F5 MICROCAN™ 



5.89 
0.36-*- WfeJ 



• Durable stainless steel case engraved with registra- 
tion number withstands harsh environments 

• Easily affixed with self-stick adhesive backing, 
latched by its flange, or locked with a ring pressed 
onto its rim 

• Presence detector acknowledges when reader first 
applies voltage 

• Meets UL#913 (4th Edit.); Intrinsically Safe Appara- 
tus, Approved under Entity Concept for use in Class 
I, Division 1, Group A, B, C and D Locations 



DATA 

GROUND 




All dimensions shown in millimeters 

ORDERING INFORMATION 

DS1 991 L-F5 F5 MicroCan 

EXAMPLES OF ACCESSORIES 

DS9096P Self-Stick Adhesive Pad 

DS9101 Multi-Purpose Clip 

DS9093RA Mounting Lock Ring 

DS9093F Snap-In Fob 

DS9092 Touch Memory Probe 
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SILICON LABEL™ DESCRIPTION 

The DS1 991 Touch Memory Button™ is a rugged read/ 
write data carrier that acts as three separate electronic 
keys, offering 1 ,152 bits of secure, nonvolatile memory. 
Each key is 384 bits long with distinct 64-bit password 
and public ID fields (Figure 1). The password field must 
be matched in order to access the secure memory. Data 
is transferred serially via the 1-Wire protocol, which 
requires only a single data lead and a ground return. The 
512-bit scratchpad serves to ensure integrity of data 
transfers to secure memory. Data should first be written 
to the scratchpad where it can be read back. After the 
data has been verified, a copy scratchpad command will 
transfer the data to the secure memory. This process 
insures data integrity when modifying the memory. A 
48-bit serial number is factory lasered into each 
DS1991 to provide a guaranteed unique identity which 
allows for absolute traceability. The family code for the 
DS1991 is 02h. The durable MicroCan package is 
highly resistant to environmental hazards such as dirt, 
moisture and shock. Its compact button-shaped profile 
is self-aligning with mating receptacles, allowing the 
DS1991 to be easily used by human operators. Acces- 
sories permit the DS1991 to be mounted on plastic key 
fobs, photo-ID badges, printed-circuit boards or any 
smooth surface of an object. Applications include 
secure access control, debit tokens, work-in-progress 
tracking, electronic travelers and proprietary data. 

OPERATION 

The DS1 991 is accessed via a single data line using the 
1-Wire protocol. The bus master must first provide one 
of the four ROM Function Commands, 1) Read ROM, 2) 
Match ROM, 3) Search ROM, 4) Skip ROM. These com- 
mands operate on the 64-bit lasered ROM portion of 
each device and can singulate a specific device if many 
are present on the 1-Wire line as well as indicate to the 
bus master how many and what types of devices are 
present. The protocol required for these ROM Function 
Commands is described in Figure 9. After a ROM Func- 
tion Command is successfully executed, the memory 
functions that operate on the secure memory and the 
scratchpad become accessible and the bus master may 
issue any one of the six Memory Function Commands 
specific to the DS1 991 . The protocol for these Memory 
Function Commands is described in Figure 5. All data is 
read and written least significant bit first. 



64-BIT LASERED ROM 

Each DS1991 contains a unique ROM code that is 64 
bits long. The first eight bits are a 1-Wire family code. 
The next 48 bits are a unique serial number. The last 
eight bits are a CRC of the first 56 bits. (Figure 2.) 

The 1-Wire CRC is generated using a polynomial gen- 
erator consisting of a shift register and XOR gates as 
shown in Figure 3. The polynomial is X 8 + X 5 + X 4 + 1 . 
Additional information about the Dallas 1-Wire Cyclic 
Redundancy Check is available in the Book of DS1 9xx 
Touch Memory Standards. 

The shift register bits are initialized to zero. Then start- 
ing with the least significant bit of the family code, one bit 
at a time is shifted in. After the 8th bit of the family code 
has been entered, then the serial number is entered. 
After the 48th bit of the serial number has been entered, 
the shift register contains the CRC value. Shifting in the 
eight bits of CRC should return the shift register to all 
zeros. 

MEMORY FUNCTION COMMANDS 

The DS1 991 has six device-specific commands. Three 
scratchpad commands: Write Scratchpad, Read 
Scratchpad and Copy Scratchpad and three subkey 
commands: Write Password, Write Subkey and Read 
Subkey. After the device is selected, the memory func- 
tion command is written to the DS1991 . The command 
is comprised of three fields, each one byte long. The first 
byte is the function code field. This field defines the six 
commands that can be executed. The second byte is 
the address field. The first six bits of this field define the 
starting address of the command. The last two bits of 
this field are the subkey address code. The third byte of 
the command is a complement of the second byte (Fig- 
ure 4). 

For the first use, since the passwords actually stored in 
the device are unknown, the DS1 991 needs to be initial- 
ized. This is done by directly writing (i.e., not through the 
scratchpad) the new identifier and password for the 
selected subkey using the Write Password command. 
As soon as the new identifier and password are stored in 
the device, further updates should be done through the 
scratchpad. 
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MEMORY MAP Figure 1 
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: Each subkey or the scratchpad has its own unique address. 



64-BIT LASERED ROM Figure 2 



8-Bit CRC Code 



48-Bit Serial Number 
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1 -WIRE CRC GENERATOR Figure 3 
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DS1991 COMMAND STRUCTURE Figure 4 



Command 


1st byte 


2nd byte 


3rd byte 


B7 B6 


B5 B4 B3 B2 B1 BO 


write 
scratchpad 


96H 


1 1 


any value 
OOrl to 3FH 


ones complement 

Ul tllU UyLc 


read 
scratchpad 


69H 


copy 
scratchpad 


3CH 


Sub-Key 

Nr.: 

or 

1 
or 

1 






read 
SubKey 


66H 


any value 
10Hto3FH 


write 
SubKey 


99H 


write 
password 


5AH 







SCRATCHPAD COMMANDS 

The 64-byte read/write scratchpad of the DS1 991 is not 
password-protected. Its normal use is to build up a data 
structure to be verified and then c 
key. 

Write Scratchpad [96H] 

The Write Scratchpad command is used to enter data 
into the scratchpad. The starting address for the write 
sequence is specified in the command. Data can be 
continuously written until the end of the scratchpad is 
reached or until the DS1991 is reset. The command 
sequence is shown in Figure 5, first page, left column. 

Read Scratchpad [69H] 

The Read Scratchpad command is used to retrieve data 
from the scratchpad. The starting address is specified in 
the command word. Data can be continuously read until 
the end of the scratchpad is reached or until the DS1 991 
is reset. The command sequence is shown in Figure 5, 
first page, center column. 

Copy Scratchpad [3CH] 

The Copy Scratchpad command is used to transfer spe- 
cified data blocks from the scratchpad to a selected sub- 
key. This command should be used when data verifica- 
tion is required before storage in a secure subkey. Data 
can be transferred in single 8-byte blocks or in one large 
64-byte block. There are nine valid block selector 
codes that are used to specify which block is to be trans- 



ferred (Figure 6). As a further precaution against acci- 
dental erasure of secure data, the 8-byte password of 
the destination subkey must be entered. If the password 
does not match, the operation is terminated. After the 
block of data is transferred to the secure subkey, the 
original data in the corresponding block of the scratch- 
pad is erased. The command sequence is shown in Fig- 
ure 5, first page, right column. 

SUBKEY COMMANDS 

Each of the subkeys within the DS1 991 is accessed 
individually. Transactions to read and write data to a 
secured subkey start at the address defined in the com- 
mand and proceed until the device is reset or the end of 
the subkey is reached. 

Write Password [5AH] 

The Write Password command is used to enter the ID 
and password of the selected subkey. This command 
will erase all of the data stored in the secure area as well 
as overwriting the ID and password fields with the new 
data. The DS1991 has a built-in check to ensure that 
the proper subkey was selected. The sequence begins 
by reading the ID field of the selected subkey; the ID of 
the subkey to be changed is then written into the part. If 
the IDs do not match, the sequence is terminated. 
Otherwise, the subkey contents are erased and 64 bits 
of new ID data are written followed by a new 64-bit 
password. The command sequence is s 
5, 2nd page, right column. 
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MEMORY FUNCTIONS FLOW CHART Figure 5 
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MASTER R X SUBKEY 
IDENTIFIER 
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BLOCK SELECTOR CODES OF THE DS1991 Figure 6 



Block Nr 

111. 




LS Byte 




Codes 




MS Byte 


to 7 


00 tn ?FH 
uu lu or ii 


00 


DO 


7P 


01 


D/ 


5D 


DA 


/ r 


n 


iHpntif ipr 

lUvl 1 LI 1 1 CI 


QA 

yA 


QA 

yA 


B3 


on 


04 


6E 


ftQ 

oy 




1 


paooWUI U 


QA 


QA 

yA 


4C 


CO 


QD 

yb 


91 


en 

oy 




o 

K 


1 OH tn 1 7H 
i un iu i / n 


OA 


Oo 


DO 


CO 
0£ 


QD 

yb 


RF 


QC 

yo 


4U 


Q 
O 


1 ftH tn 1 FH 
i on iu i rn 


6A 


6A 


HO 


6D 


6B 


D 1 


66 


43 


4 


20H to 27H 


95 


95 


BC 


92 


94 


9E 


99 


BC 


5 


28H to 2FH 


65 


9A 


4C 


9D 


64 


91 


69 


B3 


6 


30H to 37H 


65 


65 


B3 


9D 


64 


6E 


96 


B3 


7 


38H to 3FH 


65 


65 


4C 


62 


9B 


91 


96 


B3 



Write SubKey [99H] 

The Write Subkey command is used to enter data into 
the selected subkey. Since the subkeys are secure, the 
correct password is required to access them. The 
sequence begins by reading the ID field; the password 
is then written back. If the password is incorrect, the 
transaction is terminated. Otherwise, the data following 
is written into the secure area. The starting address for 
the write sequence is specified in the command word. 
Data can be continuously written until the end of the 
secure subkey is reached or until the DS1 991 is reset. 
The command sequence is shown in Figure 5, 2nd 
page, center column. 

Read SubKey [66H] 

The Read Subkey command is used to retrieve data 
from the selected subkey. Since the subkeys are 
secure, the correct password is required to access 
them. The sequence begins by reading the ID field; the 
password is then written back. If the password is incor- 
rect, the DS1991 will transmit random data. Otherwise 
the data can be read from the subkey. The starting 
address is specified in the command. Data can be con- 
tinuously read until the end of the subkey is reached or 
until the DS1991 is reset. The command sequence is 
shown in Figure 5, 2nd page, left column. 



1-WIRE BUS SYSTEM 

The 1 -Wire bus is a system which has a single bus mas- 
ter and one or more slaves. In all instances, the DS1 991 
is a slave device. The bus master is typically a micro- 
controller. The discussion of this bus system is broken 
down into three topics: hardware configuration, transac- 



tion sequence, and 1-Wire signalling (signal types and 
timing). A 1-Wire protocol defines bus transactions in 
terms of the bus state during specified time slots that are 
initiated on the falling edge of sync pulses from the bus 
master. For a more detailed protocol description, referto 
Chapter 4 of the Book of DS1 9xx Touch Memory Stan- 
dards. 



HARDWARE CONFIGURATION 

The 1-Wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 
at the appropriate time. To facilitate this, each device 
attached to the 1-Wire bus must have an open drain 
connections or 3-state outputs. The DS1 991 is an open 
drain part with an internal circuit equivalent to that 
shown in Figure 7. The bus master can be the same 
equivalent circuit. If a bidirectional pin is not available, 
separate output and input pins can be tied together. 

The bus master requires a pull-up resistor at the master 
end of the bus, with the bus master circuit equivalent to 
the one shown in Figures 8a and 8b. The value of the 
pull-up resistor should be approximately 5 kQ for short 
line lengths. 

A multidrop bus consists of a 1-Wire bus with multiple 
slaves attached. The 1-Wire bus has a maximum data 
rate of 1 6.3k bits per second. The idle state for the 
1-Wire bus is high. If, for any reason a transaction 
needs to be suspended, the bus MUST be left in the idle 
state if the transaction is to resume. If this does not 
occur, and the bus is left low for more than 1 20 us, one or 
more of the devices on the bus may be reset. 
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EQUIVALENT CIRCUIT Figure 7 
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-• Data (Lid) 



100Q 
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1 
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BUS MASTER CIRCUIT Figure 8 

Vdd 
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TRANSACTION SEQUENCE 

The protocol for accessing the DS1 991 via the 1-Wire 
port is as follows: 

• Initialization 

• ROM Function Command 

• Memory Function Command 

• Transaction/Data 

INITIALIZATION 

All transactions on the 1-Wire bus begin with an initial- 
ization sequence. The initialization sequence consists 
of a reset pulse transmitted by the bus master followed 
by presence pulse(s) transmitted by the slave(s). 

The presence pulse lets the bus master know that the 
DS1 991 is on the bus and is ready to operate. For more 
details, see the "1-Wire Signalling" section 

ROM FUNCTION COMMANDS 

Once the bus master has detected a presence pulse, it 
can issue one of the four ROM function commands. All 
ROM function commands are eight bits long. A list of 
these commands follows (refer to flowchart in Figure 9). 

Read ROM [33H] 

This command allows the bus master to read the 
DS1 991 's 8-bit family code, unique 48-bit serial num- 
ber and 8-bit CRC. This command can be used only if 
there is a single DS1991 on the bus. If more than one 
slave is present on the bus, a data collision will occur 
when all slaves try to transmit at the same time (open 
drain will produce a wired-AND result). 

Match ROM [55H] 

The match ROM command, followed by a 64-bit ROM 
sequence, allows the bus master to address a specific 
DS1991 on a multidrop bus. Only the DS1991 that 
exactly matches the 64-bit ROM sequence will respond 
to the subsequent memory function command. All 
slaves that do not match the 64-bit ROM sequence will 
wait for a reset pulse. This command can be used with a 
single or multiple devices on the bus. 



Skip ROM [CCH] 

This command can save time in a single drop bus sys- 
tem by allowing the bus master to access the memory 
functions without providing the 64-bit ROM code. If 
more than one slave is present on the bus and a read 
command is issued following the Skip ROM command, 
data collision will occur on the bus as multiple slaves 
transmit simultaneously (open drain will produce a 
wired-AND result). 

Search ROM [FOH] 

When a system is initially brought up, the bus master 
might not know the number of devices on the 1-Wire 
bus or their 64-bit ROM codes. The Search ROM com- 
mand allows the bus master to use a process of elimina- 
tion to identify the 64-bit ROM codes of all slave devices 
on the bus. The ROM search process is the repetition of 
a simple 3-step routine: read a bit, read the complement 
of the bit, then write the desired value of that bit. The bus 
master performs this simple 3-step routine on each bit 
of the ROM. After one complete pass, the bus master 
knows the contents of the ROM in one device. The 
remaining number of devices and their ROM codes may 
be identified by additional passes. See Chapter 5 of the 
Book of DS1 9xx Touch Memory Standards for a com- 
prehensive discussion of a search ROM, including an 
actual example. 

1-WIRE SIGNALLING 

The DS1991 requires strict protocols to insure data 
integrity. The protocol consists of four types of signalling 
on one line: Reset Sequence with Reset Pulse and 
Presence Pulse, Write 0, Write 1 and Read Data. All 
these signals except presence pulse are initiated by the 
bus master. The initialization sequence required to 
begin any communication with the DS1991 is shown in 
Figure 1 0. A reset pulse followed by a presence pulse 
indicates the DS1991 is ready to send or receive data 
given the correct ROM command and memory function 
command. The bus master transmits (TX) a reset pulse 
(*rstl. minimum 480 (is). The bus master then releases 
the line and goes into receive mode (RX). The 1-Wire 
bus is pulled to a high state via the pull-up resistor. After 
detecting the rising edge on the data pin, the DS1991 
waits (tp D H, 1 5-60 \is) and then transmits the presence 
pulse (tpoL. 60-240 us). 
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ROM FUNCTIONS FLOW CHART Figure 9 
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INITIALIZATION PROCEDURE "RESET AND PRESENCE PULSES" Figure 10 

MASTER T x "RESET PULSE" MASTER R x "PRESENCE PULSE" 



. . Vp ULL |jp 
VPULLUP MIN 
V|H MIN 

VlLMAX 
0V 



i 



RESISTOR 

MASTER 

DS1991 



z 



■ tRSTL - 



tR 



tRSTH 



1 



tpDH 



-by- 



I 



480 us < t RSTL < oo * 

480 us < tp,sTH < oo (includes recovery time) 
1 5 lis < tpQH < 60 us 
60 us < t PD |_ < 240 us 



* In order not to mask interrupt signalling by other devices on the 1 -Wire bus, t RS TL + tR should always be less than 
960 lis. 



READ/WRITE TIME SLOTS 

The definitions of write and read time slots are illustrated 
in Figure 11. All time slots are initiated by the master 
driving the data line low. The falling edge of the data line 
synchronizes the DS1 991 to the master by triggering a 
delay circuit in the DS1991 . During write time slots, the 



delay circuit determines when the DS1991 will sample 
the data line. For a read data time slot, if a "0" is to be 
transmitted, the delay circuit determines how long the 
DS1 991 will hold the data line low overriding the 1 gen- 
erated by the master. If the data bit is a "1", the Touch 
Memory will leave the read data time slot unchanged. 



READ/WRITE TIMING DIAGRAM Figure 11 
Write-One Time Slot 
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READ/WRITE TIMING DIAGRAM (cont'd) Figure 11 
Write-Zero Time Slot 
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PHYSICAL SPECIFICATIONS 

Size 
Weight 
Humidity 
Altitude 

Expected Service Life 
Safety 



ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 



See mechanical drawing 
3.3 grams (F5 package) 
90% RH at 50°C 
10,000 feet 

10 years at 25°C (150 million transactions, see note 4) 
The DS1 991 contains a small battery which is a lithium type 
(DS1991L-F5). These parts should never be incinerated 
or exposed to fire. Contact the appropriate Government 
agency for any special disposal precautions with regard to 
lithium-powered devices. 

-0.5V to +7.0V 
-A0°C to +70°C 
-40°C to +70°C 



* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CHARACTERISTICS 



(V PUP *=2.8V to 6.0V; -40°C to +70°C) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Input Logic Low 


V|L 


-0.3 




0.8 


V 


1 


Input Logic High 


V| H 


2.2 




6.0 


V 




Output Logic Low @4mA 


Vol 






0.4 


V 




Output Logic High 


Voh 




VpUP 


6.0 


V 


1,2 


Input Resistance 


Ri 




500 




kQ 


3 



* V PUP = external pull-up voltage 

AC ELECTRICAL CHARACTERISTICS 



(-40°C to 70°C) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Time Slot Period 


tSLOT 


60 




120 


us 




Write 1 Low Time 


tl_OW1 


1 




15 


jxs 




Write Low Time 


t|_OW0 


60 




120 


us 




Read Data Valid 


tRDV 


exactly 1 5 


(IS 




Release Time 


tRELEASE 





15 


45 


|XS 




Read Data Setup 


tsu 






1 


US 


5 


Recovery Time 


tREC 


1 






|XS 




Reset Low Time 


'rstl 


480 






US 




Reset High Time 


Irsth 


480 






US 


4 


Presence Detect High 


fpDH 


15 




60 


|XS 




Presence Detect Low 


tpDL 


60 




240 


US 
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2. Vpup = external pull-up voltage to system supply. 



■ 



3. Input pulldown resistance to ground. 

4. An additional reset or communication sequence cannot begin until the reset high time has expired. 

5. Read data setup time refers to the time the host must pull the 1-Wire bus low to read a bit. Data is guaran- 
teed to be valid within 1 yis of this falling edge and will remain valid for 14 m-S minimum. (15 us total from fal- 
ling edge on 1-Wire bus.) 



■ 



■ 

■ 
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DALLAS 

SEMICONDUCTOR 



DS1992/DS1993 

1 Kbit/4Kbit Touch Memory 

DS1994 

4Kbit Plus Time Touch Memory 



SPECIAL FEATURES 

• 4096 bits of read/write nonvolatile memory (DS1993 
and DS1994) 

• 1 024 bits of read/write nonvolatile memory (DS1 992) 

• 256-bit scratchpad ensures integrity of data transfer 

• Memory partitioned into 256-bit pages for packetizing 
data 

• Data integrity assured with strict read/write protocols 

• Contains real time clock/calendar in binary format 
(DS1994) 

• Interval timer can automatically accumulate time 
when power is applied (DS1 994) 

• Programmable cycle counter can accumulate the 
number of system power-on/off cycles (DS1 994) 

• Programmable alarms can be set to generate inter- 
rupts for interval timer, real time clock, and/or cycle 
counter (DS1 994) 

• Write protect feature provides tamper-proof time data 
(DS1994) 

• Programmable expiration date that will limit access to 
SRAM and timekeeping (DS1 994) 

• Clock accuracy is better than ±2 minute/month at 
25°C (DS1994) 

• Operating temperature range from -^0°C to +70°C 

• Over 1 years of data retention 

COMMON TOUCH MEMORY FEATURES 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Multidrop controller for MicroLAN™ 

• Digital identification and information by momentary 
contact 

• Chip— based data carrier compactly stores information 

• Data can be accessed while affixed to object 

• Economically communicates to bus master with a 
single digital signal at 16.3k bits per second 



• Standard 16 mm diameter and 1-Wire protocol 
ensure compatibility with Touch Memory family 



self-aligning with cup-shaped 



• Button shape is 
probes 

• Durable stainless steel case engraved with registra- 
tion number withstands harsh environments 

• Easily affixed with self-stick adhesive backing, 
latched by its flange, or locked with a ring pressed 
onto its rim 

• Presence detector acknowledges when reader first 
applies voltage 

• Meets UL#913 (4th Edit.); Intrinsically Safe Appara- 
tus, Approved under Entity Concept for use in Class 
I, Division 1 , Group A, B, C and D Locations 

F5 MICROCAN™ 



0.36 



17.35 




GROUND 

All dimensions shown in millimeters. 

ORDERING INFORMATION 

DS1992L-F5 F5 MicroCan 
DS1993L-F5 F5 MicroCan 
DS1994L-F5 F5 MicroCan 

EXAMPLES OF ACCESSORIES 



DS9096P 
DS9101 
DS9093RA 
DS9093F 



Self-Stick Adhesive Pad 
Multi-Purpose Clip 
Mounting Lock Ring 
Snap— In Fob 
Touch Memory Probe 
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SILICON LABEL™ DESCRIPTION 

The DS1992/DS1993/DS1994 Touch Memory But- 
ton™ (hereafter referred to as DS199X) is a rugged 

read/write data carrier that acts as a localized database 

•- 

that can be easily accessed with minimal hardware. 
The nonvolatile memory and optional timekeeping 
capability offer a simple solution to storing and retrieving 
vital information pertaining to the object to which the 
Touch Memory is attached. Data is transferred serially 
via the 1 -Wire protocol which requires only a single data 
lead and a ground return. 

The scratchpad is an additional page that acts as a 
buffer when writing to memory. Data is first written to the 
scratchpad where it can be read back. After the data 
has been verified, a copy scratchpad command will 
transfer the data to memory. This process insures data 
integrity when modifying the memory. A 48-bit serial 
number is factory lasered into each DS199X to provide 
a guaranteed unique identity which allows for absolute 
traceability. The durable MicroCan package is highly 
resistant to environmental hazards such as dirt, mois- 
ture, and shock. Its compact coin-shaped profile is 
self-aligning with mating receptacles, allowing the 
DS199Xto be easily used by human operators. Acces- 
sories permit the DS1 99X to be mounted on almost any 
surface including plastic key fobs, photo- ID badges and 
printed circuit boards. 

Applications include access control, work-in-progress 
tracking, electronic travelers, storage of calibration 
constants, and debit tokens. With the optional time- 
keeping functions (DS1 994) , a real time clock/calendar, 



interval timer, cycle counter, and programmable inter- 
rupts are available in addition to the nonvolatile 
memory. The internal clock can be programmed to deny 
memory access based on absolute time/date, total 
elapsed time, or the number of accesses. These fea- 
tures allow the DS1994 to be used to create a stop- 
watch, alarm clock, time and date stamp, logbook, hour 
meter, calendar, system power cycle timer, interval 
timer, and event scheduler. 

OVERVIEW 

The DS1 99X has four main data components: 1 ) 64-bit 
lasered ROM, 2) 256-bit scratchpad, 3) 1024-bit 
(DS1992) or 4096-bit (DS1993 and DS1994) SRAM, 
and 4) timekeeping registers (DS1994). The timekeep- 
ing section utilizes an on-chip oscillator that is con- 
nected to a 32.768 kHz crystal. The SRAM and time- 
keeping registers reside in one contiguous address 
space referred to hereafter as memory. All data is read 
and written least significant bit first. 

The memory functions will not be available until the 
ROM function protocol has been established. This pro- 
tocol is described in the ROM functions flow chart (Fig- 
ure 9). The master must first provide one of four ROM 
function commands: 1) read ROM, 2) match ROM, 3) 
search ROM, or 4) skip ROM. After a ROM function 
sequence has been successfully executed, the memory 
functions are accessible and the master may then pro- 
vide any one of the four memory function commands 
(Figure 6). 
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DS199X BLOCK DIAGRAM Figure 1 
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PARASITE POWER 

The block diagram (Figure 1) shows the parasite-pow- 
ered circuitry. This circuitry "steals" power wheneverthe 
data input is high. The data line will provide sufficient 
power as long as the specified timing and voltage 
requirements are met. The advantages of parasite 
power are two-fold: 1) by parasiting off this input, lithium 
is conserved and 2) if the lithium is exhausted for any 
reason, the ROM may still be read normally. 

64-BIT LASERED ROM 

Each DS199X contains a unique ROM code that is 64 
bits long. The first eight bits are a 1 -wire family code. 
The next 48 bits are a unique serial number. The last 
eight bits are a CRC of the first 56 bits. (See Figure 2.) 



The 1 -wire CRC is generated using a polynomial gener- 
ator consisting of a shift register and XOR gates as 
shown in Figure 3. The polynomial is X 8 + X 5 + X 4 + 1 . 
Additional information about the Dallas 1 -Wire Cyclic 
Redundancy Check is available in the Book of DS19xx 
Touch Memory Standards. 

The shift register bits are initialized to zero. Then start- 
ing with the least significant bit of the family code, one bit 
at a time is shifted in. After the 8th bit of the family code 
has been entered, then the serial number is entered. 
After the 48th bit of the serial number has been entered, 
the shift register contains the CRC value. Shifting in the 
eight bits of CRC should return the shift register to all 
zeros. 



64-BIT LASERED ROM Figure 2 
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1-WIRE CRC CODE Figure 3 
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DS1994 MEMORY MAP Figure 4a 



SCRATCHPAD 



MEMORY — 



PAGE 



PAGE 2 



PAGE 3 



PAGE 4 



PAGE 5 



PAGE 6 



PAGE 7 



PAGE 8 



PAGE 11 



PAGE 12 



PAGE 13 



PAGE 14 



PAGE 15 



PAGE 16 



NOTE: Each page is 32 bytes (256 bits). The hex values 
represent the starting address for each page or register. 



0180h 
01A0h 
01C0h 
01EOh 
0200h 



> 



OOOOh 



0020h 
0040h 
0060h 
0080h 
OOAOh 
OOCOh 
OOEOh 
01O0h 
0120h 
0140h 

oieoh 



PAGE 16 
TIMEKEEPING REGISTERS 



STATUS REGISTER 



CONTROL REGISTER 
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DS1993 MEMORY MAP Figure 4b 

< 



SCRATCHPAD 



PAGE 



NOTE: Each page is 32 bytes (256 bits). The hex values 
represent the starting address for each page or register. 



MEMORY — 



PAGE 



PAGE 1 



OOOOh 
0020h 
0040h 



PAGE 3 



PAGE 4 



PAGE 5 



PAGE 6 



PAGE 8 



PAGE 9 



PAGE 10 



PAGE 12 



PAGE 13 



PAGE 14 



0060h 
0080h 
OOAOh 
OOCOh 
OOEOh 
0100h 
0120h 
0140h 
0160h 
0180h 
01AOh 
01C0h 



PAGE 15 



DS1992 MEMORY MAP Figure 4c 
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PAGE 



NOTE: Each page is 32 bytes (256 bits). The hex values 
represent the starting address for each page or register. 



MEMORY 



PAGE 



PAGE 1 



PAGE 2 



PAGE 3 



OOOOh 
0020h 
0040h 
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MEMORY 

The memory map in Figure 4 shows a 32-byte page 
called the scratchpad and additional 32-byte pages 
called memory. The DS1992 contains pages though 3 
which make up the 1 024-bit SRAM. The DS1 993 and 
DS1 994 contain pages through 1 5 which make up the 
4096-bit SRAM. The DS1994 also contains page 16 
which has only 30 bytes that contain the timekeeping 
registers. 

The scratchpad is an additional page that acts as a 
buffer when writing to memory. Data is first written to the 
scratchpad where it can be read back. Afterthe data has 
been verified, a copy scratchpad command will transfer 
the data to memory. This process insures data integrity 
when modifying the memory. 

TIMEKEEPING (DS1994) 

A 32,768 Hz crystal oscillator is used as the time base 
for the timekeeping functions. The oscillator can be 
turned on or off by an enable bit in the control register. 
The oscillator must be on for the real time clock, interval 
timer and cycle counter to function. 

The timekeeping functions are double buffered. This 
feature allows the master to read time or count without 
the data changing while it is being read. To accomplish 
this, a snapshot of the counter data is transferred to 
holding registers which the user accesses. This occurs 
after the eighth bit of the Read Memory Function com- 
mand. 

Real-Time Clock 

The real-time clock is a 5-byte binary counter. It is 
incremented 256 times per second. The least significant 
byte is a count of fractional seconds. The upper four 
bytes are a count of seconds. The real-time clock can 
accumulate 1 36 years of seconds before rolling over. 
Time/date is represented by the number of seconds 
since a reference point which is determined by the user. 
For example, 12:00A.M., January 1, 1970 could be a 
reference point. 

Interval Timer 

The interval timer is a 5-byte binary counter. When 
enabled, it is incremented 256 times per second. The 
least significant byte is a count of fractional seconds. 
The interval timer can accumulate 1 36 years of seconds 
before rolling over. The interval timer has two modes of 
operation which are selected by the AUTO/MAN bit in 



the control register. In the auto mode, the interval timer 
will begin counting afterthe data line has been high for a 
period of time determined by the DSEL bit in the control 
register. Similarly, the interval timer will stop counting 
afterthe data line has been lowfor a period of time deter- 
mined by the DSEL bit. In the manual mode, time accu- 
mulation is controlled by the STOP/START bit in the 
control register. 

NOTE: For auto mode operation, the high level on the 
data line must be greater than or equal to 2.1 volts. 

Cycle Counter 

The cycle counter is a 4-byte binary counter. It incre- 
ments after the falling edge of the data line if the 
appropriate data line timing has been met. This timing is 
selected by the DSEL bit in the control register. (See 
"Status/Control" section). 

NOTE: For cycle counter operation, the high level on 
the data line must be greater than or equal to 2.1 volts. 

Alarm Registers 

The alarm registers for the real-time clock, interval 
timer, and cycle counter all operate in the same manner. 
When the value of a given counter equals the value in its 
associated alarm register, the appropriate flag bit is set 
in the status register. If the corresponding interrupt 
enable bit(s) in the status register is set, an interrupt is 
generated. If a counter and its associated alarm register 
are write protected when an alarm occurs, access to the 
device becomes limited. (See "Status/Control", "Inter- 
rupts", and the "Programmable Expiration" sections.) 

STATUS/CONTROL REGISTERS (DS1994) 

The status and control registers are the first two bytes of 
page 16 (see "Memory Map", Figure 4). 

Status Register 
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6 


5 
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3 


2 1 





X 


X 


CCE 


iTE 


RTE 


CCF | ITF 


RTF 




t_t_r 

Read Only 



Real-time clock alarm flag 
Interval timer alarm flag 
Cycle counter alarm flag 
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When a given alarm occurs, the corresponding alarm 
flag is set to a logic 1. The alarm flag(s) is cleared by 
reading the status register. 

Real-time interrupt enable 
Interval timer interrupt enable 



RTE 



ITE 



CCE 



Cycle counter interrupt enable 



Writing any of the interrupt enable bits to a logic will 
allow an interrupt condition to be generated when its 
corresponding alarm flag is set (see "Interrupts" sec- 
tion). 

Control Register 

7 6 543210 



DSEL 


STOP 
START 


AUTO 
MAN. 


OSC 




RO 


WPC 


WPI 


WPR 



0201 h 



WPR 



WPI 



WPC 



Write protect real-time clock/alarm registers 
Write protect interval timer/alarm registers 
Write protect cycle counter/alarm registers 



Setting a write protect bit to a logic 1 will permanently 
write protect the corresponding counter and alarm reg- 
isters, all write protect bits, and additional bits in the 
control register. The write protect bits can not be written 
in a normal manner (see "Write Protect/Programmable 
Expiration" section). 



RO 



Read Only 



If a programmable expiration occurs and the read only 
bit is set to a logic 1 , then the DS1 994 becomes read 
only. If a programmable expiration occurs and the read 
only bit is a logic 0, then only the 64-bit lasered ROM can 
be accessed (see "Write Protect/Programmable Expira- 
tion" section). 



4 OSC Oscillator Enable 



This bit controls the crystal oscillator. When set to a logic 
1 , the oscillator will start operation. When the oscillator 
bit is a logic 0, the oscillator will stop. 



AUTO/MAN 



When this bit is set to a logic 1 , the interval timer is in 
automatic mode. In this mode, the interval timer is 
enabled by the data line. When this bit is set to a logic 0, 
the interval timer is in manual mode. In this mode the 
interval timer is enabled by the STOP/START bit. 



6 



STOP/START 



Stop/Start (in Manual Mode) 



If the interval timer is in manual mode, the interval timer 
will start counting when this bit is set to a logic and will 
stop counting when set to a logic 1 . If the interval timer is 
in automatic mode, this bit has no effect. 



DSEL 



Delay Select Bit 



This bit selects the delay that it takes for the cycle 
counter and the interval timer (in auto mode) to see a 
transition on the data line. When this bit is set to a logic 1 , 
the delay time is 1 23 + 2 ms. This delay allows commu- 
nication on the data line without starting or stopping the 
interval timer and without incrementing the cycle 
counter. When this bit is set to a logic 0, the delay time is 
3.5 + 0.5 ms. 



MEMORY FUNCTION COMMANDS 

The "Memory Function Flow Chart" (Figure 6) describes 
the protocols necessary for accessing the memory. An 
example follows the flowchart. Three address registers 
are provided as shown in Figure 5. The first two regis- 
ters represent a 1 6-bit target address (TA1 , TA2). The 
third register is the ending offset/data status byte (BIS). 

The target address points to a unique byte location in 
memory. The first five bits of the target address (T4:T0) 
represent the byte offset within a page. This byte offset 
points to one of 32 possible byte locations within a given 
page. For instance, 00000b points to the first byte of a 
page where as 1 1 1 1 1 b would point to the last byte of a 
page. 

The third register (E/S) is a read only register. The first 
five bits (E4: E0)ofthis register are called the ending off- 
set. The ending offset is a byte offset within a page (1 of 
32 bytes). Bit 5 (PF) is the partial byte flag. Bit 6 (OF) is 
the overflow flag. Bit 7 (AA) is the authorization 
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ADDRESS REGISTERS Figure 5 
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T6 
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TARGET ADDRESS (TA2) 


T15 


T14 


T13 


T12 


T11 


T10 


T9 


T8 



ENDING ADDRESS WITH 
DATA STATUS (E/S) 
(READ ONLY) 



AA 


OF 


PF 


E4 


E3 


E2 


E1 


EO 



Write Scratchpad Command [OFh] 

After issuing the write scratchpad command, the user 
must first provide the 2-byte target address, followed by 
the data to be written to the scratchpad. The data will be 
written to the scratchpad starting at the byte offset 
(T4:T0) . The ending offset (E4: EO) will be the byte offset 
at which the host stops writing data. The maximum end- 
ing offset is 11111b (31 d). If the host attempts to write 
data past this maximum offset, the overflow flag (OF) 
will be set and the remaining data will be ignored. If the 
user writes an incomplete byte and an overflow has not 
occurred, the partial byte flag (PF) will be set. 

Read Scratchpad Command [AAh] 

This command may be used to verify scratchpad data 
and target address. After issuing the read scratchpad 
command, the user may begin reading. The first two 
bytes will be the target address. The next byte will be the 
ending offset/data status byte (E/S) followed by the 
scratchpad data beginning at the byte offset (T4: TO). 
The user may read data until the end of the scratchpad 
after which the data read will be all logic 1 's. 

Copy Scratchpad [55h] 

This command is used to copy data from the scratchpad 
to memory. After issuing the copy scratchpad com- 
mand, the user must provide a 3-byte authorization pat- 
tern. This pattern must exactly match the data contained 
in the three address registers (TA1 , TA2, E/S, in that 
order). If the pattern matches, the AA (Authorization 
Accepted) flag will be set and the copy will begin. A logic 
will be transmitted after the data has been copied until 
a reset pulse is issued by the user. Any attempt to reset 
the part will be ignored while the copy is in progress. 
Copy typically takes 30 us. 



The data to be copied is determined by the three 
address registers. The scratchpad data from the begin- 
ning offset through the ending offset, will be copied to 
memory, starting at the target address. Anywhere from 
1 to 32 bytes may be copied to memory with this com- 
mand. Whole bytes are copied even if only partially writ- 
ten. The AA flag will be cleared only by executing a write 
scratchpad command. 

Read Memory [FOh] 

The read memory command may be used to read the 
entire memory. After issuing the command, the user 
must provide the 2-byte target address. After the two 
bytes, the user reads data beginning from the target 
address and may continue until the end of memory, at 
which point logic 1 's will be read. It is important to realize 
that the target address registers will contain the address 
provided. The ending offset/data status byte is unaf- 
fected. 

The hardware of the DS1992/DS1993/DS1994 pro- 
vides a means to accomplish error-free writing to the 
memory section. To safeguard reading data in the 
1-Wire environment and to simultaneously speed up 
data transfers, it is recommended to packetize data into 
data packets of the size of one memory page each. 
Such a packet would typically store a 16-bit CRC with 
each page of data to insure rapid, error-free data trans- 
fers that eliminate having to read a page multiple times 
to determine if the received data is correct or not. (See 
the Book of DS1 9xx Touch Memory Standards, Chapter 
7 for the recommended file structure to be used with the 
1-Wire environment.) 
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MEMORY FUNCTION FLOW CHART Figure 6 



MASTER TX MEMORY 
FUNCTION COMMAND 



OFh 
WRITE 
_ SCRATCHPAD/ 



MASTER TX 
TA1 (T7:T0) 




MASTER TX 
TA2(T15:T8) 



MASTER RX 
TA2(T15:T8) 



DS199X SETS SCRATCHPAD 
OFFSET=(T4:T0) AND 
CLEARS (PF OF AA) 



MASTER RX ENDING 

OFFSET/DATA 
STATUS BYTE (E/S) 



MASTER TX DATA BYTE 
TO SCRATCHPAD OFFSET 



DS199X SETS 
SCRATCHPAD 
OFFSET=(T4:T0) 



DS1 99X SETS 
(E4:E0)=SCRATCHPAD 
OFFSET 



INCREMENT 
SCRATCHPAD 
OFFSET 



MASTER RX DATA 
BYTE FROM 
SCRATCHPAD 
OFFSET 




FOh 
READ 
MEMORY 



MASTER TX 
TA1 (T7:T0) 



MASTER TX 
TA2 (T15:T8) 



DS1 99X SETS 
MEMORY 
ADDRESS=(T15:T0) 




MASTER RX DATA 

BYTE FROM 
MEMORY ADDRESS 



DS199XTX PRESENCE 
PULSE (SEE. FIGURE 9) 

I 
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MEMORY FUNCTION EXAMPLES 

Example: Write two data bytes to memory locations 0026h and 0027h (the seventh and eighth bytes of page 1 ) . Read 
entire memory. 



MASTER MODE 


DATA (LSB FIRST) 


COMMENTS 


TX 


Reset 


Reset pulse (480-960 us) 


RX 


Presence 


Presence pulse 


TX 


CCh 


Issue "skip ROM" command 


TX 


OFh 


Issue "write scratchpad" command 


TX 


26h 


TA1 , beginning offset=6 


TX 


OOh 


TA2, address=0_026h 




TX 


<2 data bytes> 


Write 2 bytes of data to scratchpad 


TX 


Reset 


Reset pulse 


RX 


Presence 


Presence pulse 


TX 


CCh 


Issue "skip ROM" command 


TX 


AAh 


Issue "read scratchpad" command 


RX 


26h 


Read TA1 , beginning offset=6 


RX 


OOh 


Read TA2, address=0_026h 


RX 


07h 


Read E/S, ending offset=7, flags=0 


RX 


<2 data bytes> 


Read scratchpad data and verify 


TX 


Reset 


Reset pulse 


RX 


Presence 


Presence pulse 


TX 


CCh 


Issue "skip ROM" command 


TX 


55h 


Issue "copy scratchpad" command 


TX 


26h 


TA1 ' 
TA2 

E/S . 


• AUTHORIZATION CODE 


TX 


OOh 


TX 


07h 


TX 


Reset 


Reset pulse 


HA 


rresence 


Presence pulse 


TV 
1 A 




Issue "skip ROM" command 


TY 

1 A 


run 


Issue "read memory" command 


TX 


OOh 


TA1 , beginning offset=0 


TX 


OOh 


TA2, address=0000h 


RX 


<1 28 bytes (DS1992)> 
<512bytes (DS1993)> 
<542 bytes (DS1994)> 


Read entire memory 


TX 


Reset 


Reset pulse 


RX 


Presence 


Presence pulse, done 
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WRITE PROTECT/PROGRAMMABLE 
EXPIRATION (DS1994) 

The write protect bits (WPR, WPI, WPC) provide a 
means of write protecting the timekeeping data and lim- 
iting access to the DS1 994 when an alarm occurs (pro- 
grammable expiration). 

The write protect bits may not be written by performing a 
single copy scratchpad command. Instead, to write 
these bits, the copy scratchpad command must be per- 
formed three times. Please note that the AA bit will set, 
as expected, after the first copy command is success- 
fully executed. Therefore, the authorization pattern for 
the second and third copy command should have this bit 
set. The read scratchpad command may be used to 
verify the authorization pattern. 

WRITE PROTECT CHART Figure 7 



The write protect bits, once set, permanently write pro- 
tect their corresponding counter and alarm registers, all 
write protect bits, and certain control register bits as 
shown in Figure 7. The time/count registers will con- 
tinue to count if the oscillator is enabled. If the user 
wishes to set more than one write protect bit, the user 
must set them at the same time. Once a write protect bit 
is set it cannot be undone, and the remaining write pro- 
tect bits, if not set, cannot be set. 

The programmable expiration takes place when one or 
more write protect bits have been set and a correspond- 
ing alarm occurs. If the RO (read only) bit is set, only the 
read scratch and read memory function commands are 
available. If the RO bit is a logic "0", no memory function 
commands are available. The ROM functions are 
always available. 



WRITE PROTECT BIT SET: 


WPR 


WPI 


WPC 


Data Protected from 
User Modification: 


Real Time Clock 

Real Time Alarm 

WPR 

WPI 

WPC 

RO 

OSC* 


Interval Timer 

Interval Time Alarm 

WPR 

WPI 

WPC 

RO 

OSC* 

STOP/START** 
AUTO/MAN 


Cycle Counter 

Cycle Counter Alarm 

WPR 

WPI 

WPC 

RO 

OSC 

DSEL 



* Becomes write "1 " only, i.e. , once written to a logic "1 " 
** Forced to a logic "0". 

1-WIRE BUS SYSTEM 

The 1 -wire bus is a system which has a single bus mas- 
ter and one or more slaves. In most instances the 
DS1 99X behaves as a slave. The exception is when the 
DS1 994 generates an interrupt due to a timekeeping 
alarm. The discussion of this bus system is broken down 
into three topics: hardware configuration, transaction 
sequence, and 1-wire signalling (signal types and tim- 
ing). 



HARDWARE CONFIGURATION 

The 1 -wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 



may not be written back to a logic "0" 



at the appropriate time. To facilitate this, each device 
attached to the 1-wire bus must have open drain or 
3-state outputs. The 1 -wire port of the DS1 99X is open 
drain with an internal circuit equivalent to that shown in 
Figure 8. A multidrop bus consists of a 1-Wire bus with 
multiple slaves attached. The 1 -wire bus has a maxi- 
mum data rate of 1 6.3k bits per second and requires a 
pull-up resistor of approximately 5 kQ. 

The idle state for the 1-wire bus is high. If for any reason 
a transaction needs to be suspended, the bus MUST be 
left in the idle state if the transaction is to resume. If this 
does not occur and the bus is left low for more than 1 20 
us, one or more of the devices on the bus may be reset. 
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HARDWARE CONFIGURATION Figure 8 




Vcc 

[ 

ska 



i 

DS1 99X1 -WIRE PORT 



R x = RECEIVE 
T x = TRANSMIT 



TRANSACTION SEQUENCE 

The protocol for accessing the DS199X via the 1-wire 
port is as follows: 

• Initialization 

• ROM Function Command 

• Memory Function Command 

• Transaction/Data 

INITIALIZATION 

All transactions on the 1 -wire bus begin with an initial- 
ization sequence. The initialization sequence consists 
of a reset pulse transmitted by the bus master followed 
by presence pulse(s) transmitted by the slave(s). 

The presence pulse lets the bus master know that the 
DS1 99X is on the bus and is ready to operate. For more 
details, see the "1-Wire Signalling" section. 

ROM FUNCTION COMMANDS 

Once the bus master has detected a presence, it can 
issue one of the four ROM function commands. All ROM 
function commands are eight bits long. A list of these 
commands follows (refer to flowchart in Figure 9): 

Read ROM [33h] 

This command allows the bus master to read the 
DS199X's 8-bit family code, unique 48-bit serial num- 
ber, and 8-bit CRC. This command can only be used if 
there is a single DS199X on the bus. If more than one 
slave is present on the bus, a data collision will occur 
when all slaves try to transmit at the same time (open 
drain will produce a wired-AND result). The resultant 
family code and 48-bit serial number will usually result 
in a mismatch of the CRC. 

Match ROM [55h] 

The match ROM command, followed by a 64-bit ROM 
sequence, allows the bus master to address a specific 



DATA 



5nA I 

Typ. T 




Rx 
Tx 



100 OHM 
MOSFET 



DS199X on a multidrop bus. Only the DS199X that 
exactly matches the 64-bit ROM sequence will respond 
to the subsequent memory function command. All 
slaves that do not match the 64-bit ROM sequence will 
wait for a reset pulse. This command can be used with a 
single or multiple devices on the bus. 

Skip ROM [CCh] 

This command can save time in a single drop bus sys- 
tem by allowing the bus master to access the memory 
functions without providing the 64-bit ROM code. If 
more than one slave is present on the bus and a read 
command is issued following the Skip ROM command, 
data collision will occur on the bus as multiple slaves 
transmit simultaneously (open drain pull-downs will pro- 
duce a wire-AND result). 

Search ROM [FOh] 

When a system is initially brought up, the bus master 
might not know the number of devices on the 1-Wire 
bus or their 64-bit ROM codes. The search ROM com- 
mand allows the bus master to use a process of elimina- 
tion to identify the 64-bit ROM codes of all slave devices 
on the bus. The search ROM process is the repetition of 
a simple 3-step routine: read a bit, read the comple- 
ment of the bit, then write the desired value of that bit. 
The bus master performs this simple, 3-step routine on 
each bit of the ROM. After one complete pass, the bus 
master knows the contents of the ROM in one device. 
The remaining number of devices and their ROM codes 
may be identified by additional passes. See Chapter 5 
of the Book of DS19xx Touch Memory Standards for a 
comprehensive discussion of a search ROM, including 
an actual example. 

Search Interrupt [ECh] (DS1994) 

This ROM command works exactly as the normal ROM 
Search, but it will identify only devices with interrupts 
that have not yet been acknowledged. 
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ROM FUNCTIONS FLOW CHART Figure 9 
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MASTER T x BIT 1 
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1-WIRE SIGNALLING 

The DS199x requires strict protocols to insure data 
integrity. The protocol consists of five types of signalling 
on one line: Reset Sequence with Reset Pulse and 
Presence Pulse, Write 0, Write 1 , Read Data and inter- 
rupt pulse (DS1 994). All these signals except presence 
pulse and interrupt pulse are initiated by the bus master. 
The initialization sequence required to begin any com- 
munication with the DS199x is shown in Figure 10. A 
reset pulse followed by a presence pulse indicates the 
DS199x is ready to send or receive data given the cor- 
rect ROM command and memory function command. 
The bus master transmits (TX) a reset pulse (tRSTb 
minimum 480 u.s). The bus master then releases the 
line and goes into receive mode (RX). The 1-Wire bus 
is pulled to a high state via the pull-up resistor. After 
detecting the rising edge on the data line, the DS199x 
waits (tpQH. 1 5-60 |xs) and then transmits the presence 
pulse (t PDL , 60-240 us). There are special conditions if 



interrupts are enabled where the bus master must 
check the state of the 1-Wire bus after being in the RX 
mode for 480 us. These conditions will be discussed in 
the "Interrupt" section. 

READ/WRITE TIME SLOTS 

The definitions of write and read time slots are illustrated 
in Figure 11. All time slots are initiated by the master 
driving the data line low. The falling edge of the data line 
synchronizes the DS199x to the master by triggering a 
delay circuit in the DS1 99x. During write time slots, the 
delay circuit determines when the DS199x will sample 
the data line. For a read data time slot, if a "0" is to be 
transmitted, the delay circuit determines how long the 
DS1 99x will hold the data line low overriding the 1 gen- 
erated by the master. If the data bit is a "1 ", the Touch 
Memory will leave the read data time slot unchanged. 



INITIALIZATION PROCEDURE "RESET AND PRESENCE PULSES" Figure 10 



.. Vp ULLUP 
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s 



/ 
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tRSTL ■ 



tR 



■ tRSTH 



tpDH 



I 



RESISTOR 

MASTER 

DS199x 



480 (is < tRSTL < oo * 

480 us < t RS TH < oo (includes recovery time) 

1 5 |1S < tpQH < 60 [iS 
60 \is < tp DL < 240 (is 



* In order not to mask interrupt signalling by other devices on the 1-Wire bus, t RSTL + t R should always be less than 
960 us. 
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READ/WRITE TIMING DIAGRAM Figure 11 



Write-One Time Slot 
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■ *RDV 



RESISTOR 

MASTER 

DS199X 



60 (iS < tsLOT < 120 us 
1 \is < t L0 WR < 1 5 us 

< ^RELEASE < 45 US 

1 US < tREC < oo 
t RDV =15nS 
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Interrupts (DS1994) 

If the DS1 994 detects an alarm condition, it will automat- 
ically set the corresponding alarm flag in the Status 
Register. An interrupt condition begins whenever any 
alarm flag is set and the flag's corresponding interrupt 
bit is enabled. The interrupt condition ceases when the 
alarm flags are cleared (i.e., the interrupt is acknowl- 
edged by reading the Status Register) or if the corre- 
sponding interrupt enable bit is disabled. 



The DS1 994 can produce two types of interrupts: spon- 
taneous interrupts, called type 1 , and delayed inter- 
rupts, type 2. Spontaneous interrupts need to be armed 
by a Reset Pulse after all communication on the 1 -Wire 
bus has finished. A single falling slope on the 1-Wire 
bus will disarm this type of interrupt. If an alarm condi- 
tion occurs while the device is disarmed, type 2 inter- 
rupts will be produced. 

Spontaneous interrupts are signalled by the DS1994 by 
pulling the data line low for 960 to 3840 us as the inter- 
rupt condition begins (Figure 12). After this long low 



pulse a Presence Pulse will follow. If the alarm condition 
occurs just after the master has sent a Reset Pulse, i.e., 
during the reset high time, the DS1 994 will not assert its 
Interrupt Pulse until the Presence Pulse is finished (Fig- 
ure 13). 

If the DS1994 cannot assert a spontaneous interrupt, 
either because the data line was not pulled high, com- 
munication was in progress, or the interrupt was not 
armed, it will extend the next and every subsequent 
Reset Pulse to a total length of 960 to 3840 us (delayed 
interrupt). If the alarm condition occurs during the reset 
low time of the Reset Pulse, the DS1994 will immedi- 
ately assert its interrupt pulse; thus the total low time of 
the pulse can be extended up to 4800 us (Figure 14). If a 
DS1994 with an active alarm detects a power-on cycle 
on the 1-Wire bus, it will send a Presence Pulse and 
wait for the Reset Pulses to signal a delayed interrupt 
(Figure 15). As long as an interrupt has not been 
acknowledged by the master, the DS1994 will continue 
sending type 2 interrupts. 



TYPE 1 INTERRUPT Figure 12 



INTERRUPT PULSE 
960 - 3840 us 




Note: No communication following 
Presence Pulse., i.e. no falling edge. 



LINE TYPE LEGEND: 




^h^hb Bus master active low 


DS1994 active low 


______ Both bus master and 

~ *— ~ — DS1994 active low 


Resistor pull-up 
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TYPE 1 INTERRUPT (SPECIAL CASE) Figure 13 

INTERRUPT PULSE 




/ 



Interrupt condition occurs during the Presence Pulse, but the interrupt is not generated until the 
Presence Pulse is completed. 



TYPE 2 INTERRUPT Figure 14 



Vcc 



INTERRUPT PULSE 
960 - 4800 us 



1-WIRE 
BUS 



GND 




Interrupt condition exists prior to master 
releasing reset. 



TYPE 2 INTERRUPT (SPECIAL CASE) Figure 15 



INTERRUPT PULSE 
960 - 3840 us 




Interrupt condition occurs while the 
bus is powered down. 



Bus powers up. 









LINE TYPE LEGEND: 








mhi^m Bus master active low 




DS1994 active low 




Both bus master and 
■ — — ~" — DS 1 994 active low 




Resistor pull-up 
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PHYSICAL SPECIFICATIONS 

Size 
Weight 
Humidity 
Altitude 

Expected Service Life 
Safety 



ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 



See mechanical drawing 
3.3 grams (F5 package) 
90% RH at 50°C 
10,000 feet 
10yearsat25°C 

The DS199X contains a small battery which is a lithium 
type. These parts should never be incinerated or exposed 
to fire. Contact the appropriate Government agency for 
any special disposal precautions with regard to lithium- 
powered devices. 

-0.5Vto+7.0V 
-40°C to +70°C 
-40°C to +70°C 



* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CHARACTERISTICS (V PUP =2.8V to 6.0V, -^0°C to +70°C) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Logic 1 


V,H 


2.2 




V CC +0.3 


V 


1 


Logic 


V|L 


-0.3 




+0.8 


V 


1 


Output Logic Low @ 1 mA 


Vol 






0.4 


V 


1 


Output Logic High 


Voh 




Vpup 


6.0 


V 


1,2 


Input Load Current 


II 




5 




MA 


3 


CAPACITANCE 












(t A =25°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


I/O (1-Wire) 


C|N/OUT 




100 


800 


PF 


6 


AC ELECTRICAL CHARACTERISTICS 








(-40°C to 70°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Time Slot 


*SLOT 


60 




120 


(IS 




Write 1 Low Time 


t|_OW1 


1 




15 


(IS 




Write Low Time 


t|_OW0 


60 




120 


(IS 




Read Data Valid 


tRDV 


exactly 1 5 


(IS 




Release Time 


^RELEASE 





15 


45 


(IS 




Read Data Setup 


tsu 






1 


(IS 


5 


Interrupt 


tlNT 


960 




4800 


us 


8 


Recovery Time 


*REC 


1 






US 




Reset Time High 


tRSTH 


480 






(IS 


4 


Reset Time Low 


tRSTL 


480 




960 


(IS 


7 


Presence Detect High 


tpDHIGH 


15 




60 


(IS 




Presence Detect Low 


tpDLOW 


60 




240 


us 
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NOTES: 

1 . All voltages are referenced to ground. 

2. V PUP = external pull-up voltage. 

3. Input load is to ground. 

4. An additional reset or communication sequence cannot begin until the reset high time has expired. 

5. Read data setup time refers to the time the host must pull the 1-Wire bus low to read a bit. Data is guaran- 
teed to be valid within 1 us of this falling edge and will remain valid for 1 4 us minimum. (1 5 us total from fal- 
ling edge on 1-Wire bus.) 

6. Capacitance on the data line could be 800 pF when power is first applied. If a 5 kQ resistor is used to pull-up 
the data line to V cc , 5 \xs after power has been applied, the parasite capacitance will not affect normal com- 
munications. 

7. The reset low time (tRSTiJ should be restricted to a maximum of 960 \is, to allow interrupt signalling, other- 
wise, it could mask or conceal interrupt pulses. 

8. DS 1994 only. 
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DS1995 

1 6Kbit Touch Memory 



SPECIAL FEATURES 

• 1 6384 bits of read/write nonvolatile memory 

• 256-bit scratchpad ensures integrity of data transfer 

• Memory partitioned into 256-bit pages for packetizing 
data 

• Data integrity assured with strict read/write protocols 

• Operating temperature range from -40°C to +70°C 

• Over 10 years of data retention 

COMMON TOUCH MEMORY FEATURES 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Multidrop controller for MicroLAN™ 

• Digital identification and information by momentary 
contact 

• Chip-based data carrier compactly stores informa- 
tion 

• Data can be accessed while affixed to object 

• Economically communicates to bus master with a 
single digital signal at 16.3k bits per second 

• Standard 16 mm diameter and 1-Wire protocol 
ensure compatibility with Touch Memory family 

• Button shape is self-aligning with cup— shaped 
probes 

• Durable stainless steel case engraved with registra- 
tion number withstands harsh environments 

• Easily affixed with self-stick adhesive backing, 
latched by its flange, or locked with a ring pressed 
onto its rim 

• Presence detector acknowledges when reader first 
applies voltage 

• Meets UL#913 (4th Edit.); Intrinsically Safe Appara- 
tus, Approved under Entity Concept for use in Class 
I, Division 1 , Group A, B, C and D Locations (applica- 
tion pending) 



F5 MICROCAN™ 



0.51 




DATA 



GROUND 

All dimensions are shown in millimeters. 

ORDERING INFORMATION 

DS1995L-F5 F5 MicroCan 

EXAMPLES OF ACCESSORIES 

DS9096P Self-Stick Adhesive Pad 

DS91 01 Multi-Purpose Clip 

DS9093RA Mounting Lock Ring 

DS9093F Snap-In Fob 

DS9092 Touch Memory Probe 



SILICON LABEL™ DESCRIPTION 

The DS1995 Touch Memory Button™ operates nearly 
identically to the DS1996. The main differences are: 
1 6K bits of memory organized as 64 pages of 32 bytes 
and a family code of OA hexadecimal. For further details 
please refer to the DS1 996 data sheet. 
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IMINARY 



DALLAS 

SEMICONDUCTOR 



DS1996 

64Kbit Touch Memory 



SPECIAL FEATURES 

• 65536 bits of read/write nonvolatile memory 

• 256-bit scratchpad ensures integrity of data transfer 

• Memory partitioned into 256-bit pages for packetizing 
data 

• Data integrity assured with strict read/write protocols 

• Operating temperature range from -40°C to +70°C 

• Over 1 years of data retention 

COMMON TOUCH MEMORY FEATURES 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Multidrop controller for MicroLAN™ 

• Digital identification and information by momentary 
contact 

• Chip-based data carrier compactly stores information 

• Data can be accessed while affixed to object 

• Economically communicates to bus master with a 
single digital signal at 1 6.3k bits per second 

• Standard 16 mm diameter and 1-Wire protocol 
ensure compatibility with Touch Memory family 

• Button shape is self-aligning with cup— shaped 
probes 

• Durable stainless steel case engraved with registra- 
tion number withstands harsh environments 

• Easily affixed with self-stick adhesive backing, 
latched by its flange, or locked with a ring pressed 
onto its rim 

• Presence detector acknowledges when reader first 
applies voltage 

• Meets UL#913 (4th Edit.); Intrinsically Safe Appara- 
tus, Approved under Entity Concept for use in Class 
I, Division 1 , Group A, B, C and D Locations (applica- 
tion pending) 
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DATA 



GROUND 

All dimensions are shown in millimeters. 

ORDERING INFORMATION 

DS1996L-F5 F5 MicroCan 



EXAMPLES OF ACCESSORIES 



DS9096P 

DS9101 

DS9093RA 

DS9093F 

DS9092 



Self-Stick Adhesive Pad 
Multi-Purpose Clip 
Mounting Lock Ring 
Snap-In Fob 
Touch Memory Probe 



SILICON LABEL™ DESCRIPTION 

The DS1 996 Touch Memory Button™ is a rugged read/ 
write data carrier that acts as a localized database that 
can be easily accessed with minimal hardware. The 
nonvolatile memory offers a simple solution to storing 
and retrieving vital information pertaining to the object to 
which the Touch Memory is attached. Data is trans- 
ferred serially via the 1-wire protocol which requires 
only a single data lead and a ground return. The scratch- 
pad is an additional page that acts as a buffer when writ- 
ing to memory. Data is first written to the scratchpad 
where it can be read back. After the data has been veri- 
fied, a copy scratchpad command will transfer the data 
to memory. This process insures data integrity when 
modifying the memory. A 48-bit serial number is factory 



Copyright © 1993 Dallas Semiconductor Corporation 
Printed in U.S.A. 



47 



052594 1/15 



DS1996 





lasered into each DS1996 to provide a guaranteed 
unique identity which allows for absolute traceability. 
The durable MicroCan package is highly resistant to 
environmental hazards such as dirt, moisture, and 
shock. Its compact button-shaped profile is self-align- 
ing with mating receptacles, allowing the DS1996 to be 
easily used by human operators. Accessories permit 
the DS1996 to be mounted on almost any surface 
including plastic key fobs, photo-ID badges and printed 
circuit boards. Applications include access control, 
work-in-progress tracking, electronic travelers, stor- 
age of calibration constants, and debit tokens. 

OVERVIEW 

The block diagram in Figure 1 shows the relationships 
between the major control and memory sections of the 
DS1996. The DS1996 has three main data compo- 
nents: 1) 64-bit lasered ROM, 2) 256-bit scratchpad 
and 3) 65536-bit SRAM. The hierarchical structure of 
the 1-Wire protocol is shown in Figure 2. The bus mas- 
ter must first provide one of the four ROM Function 
Commands, 1) Read ROM, 2) Match ROM, 3) Search 
ROM, 4) Skip ROM. The protocol required for these 
ROM Function Commands is described in Figure 9. 
After a ROM Function Command is successfully 
executed, the memory functions become accessible 
and the master may provide any one of the four memory 
function commands. The protocol for these memory 
function commands is described in Figure 7. All data is 
read and written least significant bit first. 



PARASITE POWER 

The block diagram (Figure 1) shows the parasite-pow- 
ered circuitry. This circuitry "steals" power whenever the 
data line is high. The data line will provide sufficient 
power as long as the specified timing and voltage 
requirements are met. The advantages of parasite 
power are two-fold: 1 ) by parasiting off this input, lithium 
is conserved and 2) if the lithium is exhausted for any 
reason, the ROM may still be read normally. 

64-BIT LASERED ROM 

Each DS1996 contains a unique ROM code that is 64 
bits long. The first eight bits are a 1-Wire family code. 
The next 48 bits are a unique serial number. The last 
eight bits are a CRC of the first 56 bits. (Figure 3.) 

The 1-Wire CRC is generated using a polynomial gen- 
erator consisting of a shift register and XOR gates as 
shown in Figure 4. The polynomial is X 8 + X 5 + X 4 + 1 . 
Additional information about the Dallas 1-Wire Cyclic 
Redundancy Check is available in the Book of DS19xx 
Touch Memory Standards. 

The shift register bits are initialized to zero. Then start- 
ing with the least significant bit of the family code, one bit 
at a time is shifted in. After the 8th bit of the family code 
has been entered, then the serial number is entered. 
After the 48th bit of the serial number has been entered, 
the shift register contains the CRC value. Shifting in the 
eight bits of CRC should return the shift register to all 
zeros. 
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DS1996 BLOCK DIAGRAM Figure 1 
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HIERARCHICAL STRUCTURE FOR 1-WIRE PROTOCOL Figure 2 
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DS1996- SPECIFIC 
MEMORY FUNCTION 
COMMANDS 
(SEE FIGURE 7) 
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64-BIT LASERED ROM Figure 3 
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MEMORY 

The memory map in Figure 5 shows a 32-byte page 
called the scratchpad and additional 32-byte pages 
called memory. The DS1 996 contains 256 pages which 
comprise the 65536-bit SRAM. The scratchpad is an 
additional page that acts as a buffer when writing to 
memory. 

ADDRESS REGISTERS AND TRANSFER 
STATUS 

Because of the serial data transfer, the DS1996 
employs three address registers, called TA1 , TA2 and 
E/S (Figure 6). Registers TA1 and TA2 must be loaded 
with the target address to which the data will be written 
or from which data will be sent to the master upon a 
Read command. Register E/S acts like a byte counter 
and Transfer Status register. It is used to verify data 
integrity with Write commands. Therefore, the master 
only has read access to this register. The lower five bits 
of the E/S register indicate the address of the last byte 
that has been written to the scratchpad. This address is 
called Ending Offset. Bit 5 of the E/S register, called PF 
or "partial byte flag," is set if the number of data bits sent 
by the master is not an integer multiple of 8. Bit 6, OF or 
"Overflow," is set if more bits are sent by the master than 
can be stored in the scratchpad. Note that the lowest 
five bits of the target address also determine the 
address within the scratchpad, where intermediate stor- 
age of data will begin. This address is called byte offset. 
If the target address for a Write command is 13CH for 
example, then the scratchpad will store incoming data 
beginning at the byte offset 1 CH and will be full after only 
four bytes. The corresponding ending offset in this 
example is 1FH. For best economy of speed and effi- 
ciency, the target address for writing should point to the 
beginning of a new page, i.e., the byte offset will be 0. 
Thus the full 32-byte capacity of the scratchpad is avail- 
able, resulting also in the ending offset of 1 FH. However, 
it is possible to write one or several contiguous bytes 
somewhere within a page. The ending offset together 
with the Partial and Overflow Flag is mainly a means to 
support the master checking the data integrity after a 
Write command. The highest valued bit of the E/S regis- 
ter, called AA or Authorization Accepted, acts as a flag 
to indicate that the data stored in the scratchpad has 
already been copied to the target memory address. 
Writing data to the scratchpad clears this flag. 



WRITING WITH VERIFICATION 

To write data to the DS1 996, the scratchpad has to be 
used as intermediate storage. First the master issues 
the Write Scratchpad command to specify the desired 
target address, followed by the data to be written to the 
scratchpad. In the next step, the master sends the Read 
Scratchpad command to read the scratchpad and to 
verify data integrity. As preamble to the scratchpad 
data, the DS1996 sends the requested target address 
TA1 and TA2 and the contents of the E/S register. If one 
of the flags OF or PF is set, data did not arrive correctly 
in the scratchpad. The master does not need to continue 
reading; it can start a new trial to write data to the 
scratchpad. Similarly, a set AA flag indicates that the 
Write command was not recognized by the Touch 
Memory. If everything went correctly, all three flags are 
cleared and the ending offset indicates the address of 
the last byte written to the scratchpad. Now the master 
can continue verifying every data bit. After the master 
has verified the data, it has to send the Copy Scratchpad 
command. This command must be followed exactly by 
the data of the three address registers TA1 , TA2 and E/S 
as the master has read them verifying the scratchpad. 
As soon as the Touch Memory has received these 
bytes, it will copy the data to the requested location 
beginning at the target address. 

MEMORY FUNCTION COMMANDS 

The "Memory Function Flow Chart" (Figure 7) describes 
the protocols necessary for accessing the memory. An 
example follows the flowchart. 

Write Scratchpad Command [OFH] 

After issuing the write scratchpad command, the master 
must first provide the 2-byte target address, followed by 
the data to be written to the scratchpad. The data will be 
written to the scratchpad starting at the byte offset 
(T4:T0). The ending offset (E4: E0) will be the byte offset 
at which the bus master has stopped writing data. 

Read Scratchpad Command [AAH] 

This command is used to verify scratchpad data and tar- 
get address. After issuing the read scratchpad com- 
mand, the master begins reading. The first two bytes will 
be the target address. The next byte will be the ending 
offset/data status byte (E/S) followed by the scratchpad 
data beginning at the byte offset (T4: TO). The master 
may read data until the end of the scratchpad after 
which the data read will be all logic 1 's. 
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DS1996 MEMORY MAP Figure 5 
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ADDRESS REGISTERS Figure 6 
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MEMORY FUNCTION FLOW CHART Figure 7 
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MEMORY FUNCTION EXAMPLES 

Example: Write two data bytes to memory locations 0026h and 0027h (the seventh and eighth bytes of page 1 ) . Read 
entire memory. 
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Copy Scratchpad [55H] 

This command is used to copy data from the scratchpad 
to memory. After issuing the copy scratchpad com- 
mand, the master must provide a 3-byte authorization 
pattern which is obtained by reading the scratchpad for 
verification. This pattern must exactly match the data 
contained in the three address registers (TA1 , TA2, E/S, 
in that order). If the pattern matches, the AA (Authoriza- 
tion Accepted) flag will be set and the copy will begin. A 
logic will be transmitted after the data has been copied 
until a reset pulse is issued by the master. Any attempt 
to reset the part will be ignored while the copy is in prog- 
ress. Copy typically takes 30 us. 

The data to be copied is determined by the three 
address registers. The scratchpad data from the begin- 
ning offset through the ending offset, will be copied to 
memory, starting at the target address. Anywhere from 
1 to 32 bytes may be copied to memory with this com- 
mand. Whole bytes are copied even if only partially writ- 
ten. The AA flag will be cleared only by executing a write 
scratchpad command. 

Read Memory [FOH] 

The read memory command may be used to read the 
entire memory. After issuing the command, the master 
must provide the 2-byte target address. After the two 
bytes, the master reads data beginning from the target 
address and may continue until the end of memory, at 
which point logic 1 's will be read. It is importantto realize 
that the target address registers will contain the address 
provided. The ending offseVdata status byte is unaf- 
fected 



cally store a 1 6-bit CRC with each page of data to insure 
rapid, error-free data transfers that eliminate having to 
read a page multiple times to determine if the received 
data is correct or not. (See the Book of DS1 9xx Touch 
Memory Standards, Chapter 7 for the recommended file 
structure to be used with the 1-Wire environment.) 

1-WIRE BUS SYSTEM 

The 1 -Wire bus is a system which has a single bus mas- 
ter and one or more slaves. In all instances the DS1 996 
is a slave device. The bus master is typically a micro- 
controller. The discussion of this bus system is broken 
down into three topics: hardware configuration, transac- 
tion sequence, and 1-Wire signalling (signal types and 
timing). A 1-Wire protocol defines bus transactions in 
terms of the bus state during specified time slots that are 
initiated on the falling edge of sync pulses from the bus 
master. For a more detailed protocol description, referto 
Chapter 4 of the Book of DS1 9xx Touch Memory Stan- 
dards 



HARDWARE CONFIGURATION 

The 1-Wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 
at the appropriate time. To facilitate this, each device 
attached to the 1-Wire bus must have open drain con- 
nection or 3-state outputs. The 1-Wire port of the 
DS1996 is open drain with an internal circuit equivalent 
to that shown in Figure 8. A multidrop bus consists of a 
1-Wire bus with multiple slaves attached. The 1-Wire 
bus has a maximum data rate of 1 6.3k bits per second 
and requires a pull-up resistor of approximately 5 kQ. 



The hardware of the DS1996 provides a means to 
accomplish error-free writing to the memory section. To 
safeguard reading data in the 1-Wire environment and 
to simultaneously speed up data transfers, it is recom- 
mended to packetize data into data packets of the size 
of one memory page each. Such a packet would typi- 

HARDWARE CONFIGURATION Figure 8 
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TRANSACTION SEQUENCE 

The protocol for accessing the DS1996 via the 1-Wire 
port is as follows: 

• Initialization 

• ROM Function Command 

• Memory Function Command 

• Transaction/Data 

INITIALIZATION 

All transactions on the 1-Wire bus begin with an initial- 
ization sequence. The initialization sequence consists 
of a reset pulse transmitted by the bus master followed 
by presence pulse(s) transmitted by the slave(s). 

The presence pulse lets the bus master know that the 
DS1 996 is on the bus and is ready to operate. For more 
details, see the "1-Wire Signalling" section. 

ROM FUNCTION COMMANDS 

Once the bus master has detected a presence, it can 
issue one of the four ROM function commands. All ROM 
function commands are eight bits long. A list of these 
commands follows (refer to flowchart in Figure 9). 

Read ROM [33H] 

This command allows the bus master to read the 
DS1 996's 8-bit family code, unique 48-bit serial num- 
ber, and 8-bit CRC. This command can only be used if 
there is a single DS1996 on the bus. If more than one 
slave is present on the bus, a data collision will occur 
when all slaves try to transmit at the same time (open 
drain will produce a wired-AND result). The resultant 
family code and 48-bit serial number will usually result 
in a mismatch of the CRC. 

Match ROM [55H] 

The match ROM command, followed by a 64-bit ROM 
sequence, allows the bus master to address a specific 
DS1996 on a multidrop bus. Only the DS1996 that 
exactly matches the 64-bit ROM sequence will respond 
to the subsequent memory function command. All 
slaves that do not match the 64-bit ROM sequence will 
wait for a reset pulse. This command can be used with a 
single or multiple devices on the bus. 



Skip ROM [CCH] 

This command can save time in a single drop bus sys- 
tem by allowing the bus master to access the memory 
functions without providing the 64-bit ROM code. If 
more than one slave is present on the bus and a read 
command is issued following the Skip ROM command, 
data collision will occur on the bus as multiple slaves 
transmit simultaneously (open drain pull-downs will 
produce a wired-AND result). 

Search ROM [FOH] 

When a system is initially brought up, the bus master 
might not know the number of devices on the 1-Wire 
bus or their 64-bit ROM codes. The search ROM com- 
mand allows the bus masterto use a process of elimina- 
tion to identify the 64-bit ROM codes of all slave devices 
on the bus. The search ROM process is the repetition of 
a simple 3-step routine: read a bit, read the complement 
of the bit, then write the desired value of that bit. The bus 
master performs this simple, 3-step routine on each bit 
of the ROM. After one complete pass, the bus master 
knows the contents of the ROM in one device. The 
remaining number of devices and their ROM codes may 
be identified by additional passes. See Chapter 5 of the 
Book of DS19xx Touch Memory Standards for a com- 
prehensive discussion of a search ROM, including an 
actual example. 

1-WIRE SIGNALLING 

The DS1996 requires strict protocols to insure data 
integrity. The protocol consists of four types of signalling 
on one line: Reset Sequence with Reset Pulse and 
Presence Pulse, Write 0, Write 1 and Read Data. All 
these signals except presence pulse are initiated by the 
bus master. The initialization sequence required to 
begin any communication with the DS1996 is shown in 
Figure 10. A reset pulse followed by a presence pulse 
indicates the DS1996 is ready to send or receive data 
given the correct ROM command and memory function 
command. The bus master transmits (TX) a reset pulse 
CrstLi minimum 480 us). The bus master then releases 
the line and goes into receive mode (RX). The 1-Wire 
bus is pulled to a high state via the pull-up resistor. After 
detecting the rising edge on the data contact, the 
DS1996 waits (tpoH. 15-60 [is) and then transmits the 
presence pulse (tpou 60-240 \is). 
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ROM FUNCTIONS FLOW CHART Figure 9 
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INITIALIZATION PROCEDURE "RESET AND PRESENCE PULSES" Figure 10 
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fc In order not to mask interrupt signalling by other devices on the 1-Wire bus, t^sTL + l R should always be less than 
960 \is. 



READ/WRITE TIME SLOTS 

The definitions of write and read time slots are illustrated 
in Figure ft. All time slots are initiated by the master 
driving the data line low. The falling edge of the data line 
synchronizes the DS1 996 to the master by triggering a 
delay circuit in the DS1996. During write time slots, the 

READ/WRITE TIMING DIAGRAM Figure 11 
Write-One Time Slot 



delay circuit determines when the DS1 996 will sample 
the data line. For a read data time slot, if a "0" is to be 
transmitted, the delay circuit determines how long the 
DS1 996 will hold the data line low overriding the 1 gen- 
erated by the master. If the data bit is a "1", the Touch 
Memory will leave the read data time slot unchanged. 
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READ/WRITE TIMING DIAGRAM (cont'd) Figure 11 
Write-Zero Time Slot 
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PHYSICAL SPECIFICATIONS 

Size 
Weight 
Humidity 
Altitude 

Expected Service Life 
Safety 



ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 



See mechanical drawing 
3.3 grams (F5 package) 
90% RH at 50°C 
10,000 feet 
10yearsat25°C 

The DS1 996 contains a small battery which is a lithium 
type. These parts should never be incinerated or exposed 
to fire. Contact the appropriate Government agency for 
any special disposal precautions with regard to lithium- 
powered devices. 

-0.5V to +7.0V 
-40°C to +70°C 
-40°Cto+70°C 



* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CHARACTERISTICS (V PUP =2.8V to 6.0V, -40°C to +70°C) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Logic 1 


V| H 


2.2 




V C c +0.3 


V 


1,8 


Logic 


V|L 


-0.3 




+0.8 


V 


1 


Output Logic Low @ 1 mA 


Vol 






0.4 


V 


1 


Output Logic High 


Voh 




Vpup 


6.0 


V 


1, 2 


Input Load Current 


II 




5 




HA 


3 


CAPACITANCE 












(t A =25°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


1/0(1 -Wire) 


C|N/OUT 




100 


800 


PF 


6 


AC ELECTRICAL CHARACTERISTICS 








(-40°C to 70°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Time Slot 


tSLOT 


60 




120 


us 




Write 1 Low Time 


t|_OW1 


1 




15 


|4£ 




Write Low Time 


t|_OW0 


60 




120 


US 




Read Data Valid 


tRDV 


exactly 1 5 


pis 




Release Time 


^RELEASE 





15 


45 


\tS 




Read Data Setup 


tsu 






1 


MS 


5 


Recovery Time 


l REC 


1 






(IS 




Reset Time High 


*RSTH 


480 








4 


Reset Time Low 


l RSTL 


480 






us 


7 


Presence Detect High 


tpDHIGH 


15 




60 


(XS 




Presence Detect Low 


tpDLOW 


60 




240 


l*S 
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NOTES: 

1 . All voltages are referenced to ground. 

2. Vpup = external pull-up voltage. 

3. Input load is to ground. 

4. An additional reset or communication sequence cannot begin until the reset high time has expired. 

5. Read data setup time refers to the time the host must pull the 1-Wire bus low to read a bit. Data is guaran- 
teed to be valid within 1 us of this falling edge and will remain valid for 14 us minimum. (15 us total from fal- 
ling edge on 1-Wire bus.) 

6. Capacitance on the data contact could be 800 pF when power is first applied. If a 5 kQ resistor is used to 
pull-up the data line to V C c> 5 MS after power has been applied, the parasite capacitance will not affect normal 
communications. 

7. The reset low time (tRsriJ should be restricted to a maximum of 960 us, to allow interrupt signalling, other- 
wise, it could mask or conceal interrupt pulses. 

8. V| H is a function of the external pull-up resistor and the V cc power supply. 
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DALLAS 



DS1982 

1 Kbit Add-Only Touch Memory 



SPECIAL FEATURES 

• 1024-bits Electrically Programmable Read Only 
Memory (EPROM) communicates with the economy 
of one signal plus ground 

• EPROM partitioned into four 256-bit pages for ran- 
domly accessing packetized data records 

• Each memory page can be permanently write-pro- 
tected to prevent tampering 

• Device is an "add only" memory where additional data 
can be programmed into EPROM without disturbing 
existing data 

• Architecture allows software to patch data by super- 
seding an old page in favor of a newly programmed 



• Reduces control, address, data, power, and program- 
ming signals to a single data pin 

• 8-bit family code specifies DS1982 communications 
requirements to reader 

• Reads over a wide voltage range of 2.8V to 6.0V from 
-40°C to +85°C; programs at 11.5V ± 0.5V from 
-40°C to +85°C 



F3 MICROCAN™ 



0.36*- 



DATA * 




GROUND 



COMMON TOUCH MEMORY FEATURES 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Multidrop controller for MicroLAN™ 
and information by momentary 



• Digital id 
contact 

• Chip-based data carrier compactly stores information 

• Data can be accessed while affixed to object 

• Economically communicates to bus master with a 
single digital signal at 16.3k bits per second 

• Standard 16 mm diameter and 1-Wire protocol 
ensure compatibility with Touch Memory family 

• Button shape is self-aligning with cup-shaped 



• Durable stainless steel case engraved with registra- 
tion number withstands harsh environments 

• Easily affixed with self-stick adhesive backing, 
latched by its flange, or locked with a ring pressed 
onto its rim 

• Presence detector acknowledges when reader first 
applies voltage 

• Meets UL#913 (4th Edit.); Intrinsically Safe Appara- 
tus, Approved under Entity Concept for use in Class 
I, Division 1 , Group A, B, C and D Locations (applica- 
tion pending) 

F5 MICROCAN™ 

5.89 
0.36-*" h*i 



DATA * 




All dimensions shown in millimeters. 



GROUND 
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Copyright O 1 993 Dallas Semiconductor Corporation 
Printed in U.S.A. 
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ORDERING INFORMATION 

DS1982-F3 F3 MicroCan 

DS1982-F5 F5 MicroCan 

EXAMPLES OF ACCESSORIES 



DS9096P 

DS9101 

DS9093RA 

DS9093F 

DS9092 



Self-Stick Adhesive Pad 
Multi-Purpose Clip 
Mounting Lock Ring 
Snap-In Fob 
Touch Memory Probe 



SILICON LABEL™ DESCRIPTION 

The DS1982 1 K— bit Touch Memory Button™ is a 
rugged read/write data carrier that identifies and stores 
relevant information about the product or person to 
which it is attached. This information can be accessed 
with minimal hardware, for example a single port pin of a 
microcontroller. The DS1982 consists of a factory- 
lasered registration number that includes a unique 
48-bit serial number, an 8-bit CRC, and an 8-bit Family 
Code (09h) plus 1 K-bit of EPROM which is user-pro- 
grammable. The power to program and read the 
DS1 982 is derived entirely from the 1 -Wire communica- 
tion line. Data is transferred serially via the 1-Wire pro- 
tocol which requires only a single data lead and a 
ground return. The entire device can be programmed 
and then write-protected if desired. Alternatively, the 
part may be programmed multiple times with new data 
being appended to, but not overwriting, existing data 
with each subsequent programming of the device. Note: 
Individual bits can be changed only from a logical 1 to a 
logical 0, never from a logical to a logical 1 . A provision 
is also included for indicating that a certain page or 
pages of data are no longer valid and have been 
replaced with new or updated data that is now residing 
at an alternate page address. This page address 
redirection allows software to patch data and enhance 
the flexibility of the device as a standalone database. 
The 48-bit serial number that is factory-lasered into 
each DS1982 provides a guaranteed unique identity 
which allows for absolute traceability. The durable 
MicroCan package is highly resistant to harsh environ- 
ments such as dirt, moisture, and shock. Its compact 
button-shaped profile is self-aligning with cup-shaped 
receptacles, allowing the DS1982 to be used easily by 
human operators or automatic equipment. Accessories 
permit the DS1982 to be mounted on printed circuit 
boards, plastic key fobs, photo-ID badges, ID bracelets, 
and many other objects. Applications include work-in- 
progress tracking, electronic travelers, access control, 
storage of calibration constants, and debit tokens. 



debit t 



OVERVIEW 

The block diagram in Figure 1 shows the relationships 
between the major control and memory sections of the 
DS1982. The DS1982 has three main data compo- 
nents: 1) 64-bit lasered ROM, 2) 1024-bit EPROM, and 
3) EPROM Status Bytes. The device derives its power 
for read operations entirely from the 1-Wire commu- 
nication line by storing energy on an internal capacitor 
during periods of time when the signal line is high and 
continues to operate off of this "parasite" power source 
during the low times of the 1-Wire line until it returns 
high to replenish the parasite (capacitor) supply. During 
programming, 1-Wire communication occurs at normal 
voltage levels and then is pulsed momentarily to the pro- 
gramming voltage to cause the selected EPROM bits to 
be programmed. The 1-Wire line must be able to pro- 
vide 1 2 volts and 1 milliamperes to adequately pro- 
gram the EPROM portions of the part. Whenever pro- 
gramming voltages are present on the 1-Wire line a 
special high voltage detect circuit within the DS1982 
generates an internal logic signal to indicate this condi- 
tion. The hierarchical structure of the 1-Wire protocol is 
shown in Figure 2. The bus master must first provide 
one of the four ROM Function Commands, 1 ) Read 
ROM, 2) Match ROM, 3) Search ROM, 4) Skip ROM. 
These commands operate on the 64-bit lasered ROM 
portion of each device and can singulate a specific 
device if many are present on the 1 -Wire line as well as 
indicate to the bus master how many and what types of 
devices are present. The protocol required for these 
ROM Function Commands is described in Figure 9. 
After a ROM Function Command is successfully 
executed, the memory functions that operate on the 
EPROM portions of the DS1982 become accessible 
and the bus master may issue any one of the five 
Memory Function Commands specific to the DS1 982 to 
read or program the various data fields. The protocol for 
these Memory Function Commands is described in Fig- 
ure 6. All data is read and written least significant bit first. 

64-BIT LASERED ROM 

Each DS1982 contains a unique ROM code that is 64 
bits long. The first eight bits are a 1-Wire family code. 
The next 48 bits are a unique serial number. The last 
eight bits are a CRC of the first 56 bits. (See Figure 3.) 
The 64-bit ROM and ROM Function Control section 
allow the DS 1 982 to operate as a 1 -Wire device and fol- 
low the 1-Wire protocol detailed in the section "1-Wire 
Bus System". The memory functions required to read 
and program the EPROM sections of the DS1982 are 



DS1982 



not accessible until the ROM function protocol has been 
satisfied. This protocol is described in the ROM func- 
tions flow chart (Figure 9). The 1-Wire bus master must 
first provide one of four ROM function commands: 1) 
Read ROM, 2) Match ROM, 3) Search ROM, or 4) Skip 
ROM. After a ROM function sequence has been suc- 
cessfully executed, the bus master may then provide 
any one of the memory function commands specific to 
the DS1 982 (Figure 6). 

The 1 -Wire CRC of the lasered ROM is generated using 
the polynomial X 8 + X 5 + X 4 + 1 . Additional information 

DS1982 BLOCK DIAGRAM Figure 1 



about the Dallas Semiconductor 1-Wire Cyclic Redun- 
dancy Check is available in the Book of DS19xx Touch 
Memory Standards. The shift register acting as the CRC 
accumulator is initialized to zero. Then starting with the 
least significant bit of the family code, one bit at a time is 
shifted in. After the eighth bit of the family code has been 
entered, then the serial number is entered. After the 
48th bit of the serial number has been entered, the shift 
register contains the CRC value. Shifting in the eight bits 
of CRC should return the shift register to all zeroes. 




1-WIRE 
BUS 



DATA 



1-WIRE FUNCTION 
CONTROL 



64-BIT LASERED 
ROM 



PROGRAM 
VOLTAGE 
DETECT 



MEMORY 
FUNCTION 
CONTROL 



8-BIT CRC 
GENERATOR 



1024-BIT EPROM 
(4 PAGES OF 32 BYTES) 



EPROM STATUS 
BYTES 



8-BIT 
SCRATCHPAD 
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HIERARCHICAL STRUCTURE FOR 1-WIRE PROTOCOL Figure 2 

1-WIREBUS 



BUS 
MASTER 



T 



COMMAND 
LEVEL: 











OTHER 
DEVICES 



1 



1-WIRE ROM FUNCTION 
COMMANDS (SEE FIGURE 9) 



AVAILABLE 
COMMANDS: 



READ ROM 
MATCH ROM 
SEARCH ROM 
SKIP ROM 



DATA FIELD 
AFFECTED: 



64-BIT ROM 
64-BIT ROM 
64-BIT ROM 
N/A 



DS1 982— SPECIFIC 
MEMORY FUNCTION 
COMMANDS 
(SEE FIGURE 6) 



WRITE MEMORY 1024-BIT EPROM 

WRITE STATUS BYTE EPROM STATUS BYTES 

READ MEMORY 1 024-BIT EPROM 

READ STATUS BYTE EPROM STATUS BYTES 

READ DATA/GENERATE 1 024-BIT EPROM 
8-BIT CRC 



JL 



64-BIT LASERED ROM Figure 3 



8-Bit CRC Code 



48-Bit Serial Number 





8-Bit Family Code (09h) 



MSB 



LSB MSB LSB MSB LSB 



1-WIRE CRC GENERATOR Figure 4 
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1024-BIT EPROM 

The memory map in Figure 5 shows the 1024-bit 
EPROM section of the DS1982 which is configured as 
four pages of 32 bytes each. The 8-bit scratchpad is an 
additional register that acts as a buffer when program- 
ming the memory. Data is first written to the scratchpad 
and then verified by reading an 8-bit CRC from the 
DS1 982 that confirms proper receipt of the data. If the 
buffer contents are correct, a programming voltage 
should be applied and the byte of data will be written into 
the selected address in memory. This process insures 
data integrity when programming the memory. The 
details for reading and programming the 1024-bit 
EPROM portion of the DS1 982 are given in the Memory 
Function Commands section. 

EPROM STATUS BYTES 

In addition to the 1 024 bits of data memory the DS1 982 
provides 64 bits of Status Memory accessible with sep- 
arate commands. 

The EPROM Status Bytes can be read or programmed 
to indicate various conditions to the software interrogat- 
ing the DS1982. The first byte of the EPROM Status 
Memory contains the Write Protect Page bits which 
inhibit programming of the corresponding page in the 
1024-bit main memory area if the appropriate write 
protection bit is programmed. Once a bit has been pro- 
grammed in the Write Protect Page byte, the entire 32 
byte page that corresponds to that bit can no longer be 
altered but may still be read. 

The next four bytes of the EPROM Status Memory con- 
tain the Page Address Redirection Bytes which indicate 
if one or more of the pages of data in the 1024-bit 
EPROM section have been invalidated and redirected 
to the page address contained in the appropriate 
redirection byte. The hardware of the DS1 982 makes no 
decisions based on the contents of the Page Address 
Redirection Bytes. These additional bytes of Status 
EPROM allow for the redirection of an entire page to 
another page address, indicating that the data in the 
original page is no longer considered relevant or valid. 
With EPROM technology, bits within a page can be 
changed from a logical 1 to a logical by programming, 
but cannot be changed back. Therefore, it is not pos- 
sible to simply rewrite a page if the data requires chang- 
ing or updating, but with space permitting, an entire 
page of data can be redirected to another page within 



the DS1 982 by writing the one's complement of the new 
page address into the Page Address Redirection Byte 
that corresponds to the original (replaced) page. 

This architecture allows the user's software to make a 
"data patch" to the EPROM by indicating that a particu- 
lar page or pages should be replaced with those indi- 
cated in the Page Address Redirection Bytes. 

If a Page Address Redirection Byte has a FFH value, the 
data in the main memory that corresponds to that page 
is valid. If a Page Address Redirection Byte has some 
other hex value, the data in the page corresponding to 
that redirection byte is invalid, and the valid data can 
now be found at the one's complement of the page 
address indicated by the hex value stored in the 
associated Page Address Redirection Byte. A value of 
FDH in the redirection byte for page 1 , for example, 
would indicate that the updated data is now in page 2. 
The details for reading and programming the EPROM 
status memories portion of the DS1982 is given in the 
Memory Function Commands section. 

MEMORY FUNCTION COMMANDS 

The "Memory Function Flow Chart" (Figure 6) describes 
the protocols necessary for accessing the various data 
fields within the DS1 982. The Memory Function Control 
section, 8-bit scratchpad, and the Program Voltage 
Detect circuit combine to interpret the commands 
issued by the bus master and create the correct control 
signals within the device. A three-byte protocol is 
issued by the bus master. It is comprised of a command 
byte to determine the type of operation and two address 
bytes to determine the specific starting byte location 
within a data field. The command byte indicates if the 
device is to be read or written. Writing data involves not 
only issuing the correct command sequence but also 
providing a 1 2 volt programming voltage at the appropri- 
ate times. To execute a write sequence, a byte of data is 
first loaded into the scratchpad and then programmed 
into the selected address. Write sequences always 
occur a byte at a time. To execute a read sequence, the 
starting address is issued by the bus master and data is 
read from the part beginning at that initial location and 
continuing to the end of the selected data field or until a 
reset sequence is issued. All bits transferred to the 
DS1 982 and received back by the bus master are sent 
least significant bit first. 
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DS1982 MEMORY MAP Figure 5 
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MEMORY FUNCTION FLOW CHART Figure 6 
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MEMORY FUNCTION FLOW CHART (cont'd) Figure 6 
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MEMORY FUNCTION FLOW CHART (cont'd) Figure 6 
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READ MEMORY [FOH] 

The Read Memory command is used to read data from 
the 1 024-bit EPROM data field. The bus master follows 
the command byte with a two byte address 
(TA1=(T7:T0), TA2=(T15:T8)) that indicates a starting 
byte location within the data field. An 8-bit CRC of the 
command byte and address bytes is computed by the 
DS1 982 and read back by the bus master to confirm that 
the correct command word and starting address were 
received. If the CRC read by the bus master is incorrect, 
a Reset Pulse must be issued and the entire sequence 
must be repeated. If the CRC received by the bus mas- 
ter is correct, the bus master issues read time slots and 
receives data from the DS1 982 starting at the initial 
address and continuing until the end of the 1 024-bit 
data field is reached or until a Reset Pulse is issued. If 
reading occurs through the end of memory space, the 
bus master may issue eight additional read time slots 
and the DS1982 will respond with an 8-bit CRC of all 
data bytes read from the initial starting byte through the 
last byte of memory. After the CRC is received by the 
bus master, any subsequent read time slots will appear 
as logical 1s until a Reset Pulse is issued. Any reads 
ended by a Reset Pulse prior to reaching the end of 
memory will not have the 8-bit CRC available. 

Typically a 1 6-bit CRC would be stored with each page 
of data to insure rapid, error-free data transfers that 
eliminate having to read a page multiple times to deter- 
mine if the received data is correct or not. (See Book of 
DS1 9xx Touch Memory Standards, Chapter 7 for the 
recommended file structure to be used with the 1-Wire 
environment.) If CRC values are imbedded within the 
data, a Reset Pulse may be issued at the end of memory 
space during a Read Memory command. 

READ STATUS [AAH] 

The Read Status command is used to read data from 
the EPROM Status data field. The bus master follows 
the command byte with a two byte address 
(TA1=(T7:T0), TA2=(T15:T8)) that indicates a starting 
byte location within the data field. An 8-bit CRC of the 
command byte and address bytes is computed by the 
DS 1 982 and read back by the bus master to confirm that 
the correct command word and starting address were 
received. If the CRC read by the bus master is incorrect, 
a Reset Pulse must be issued and the entire sequence 
must be repeated. If the CRC received by the bus mas- 
ter is correct, the bus master issues read time slots and 
receives data from the DS1 982 starting at the supplied 
address and continuing until the end of the EPROM Sta- 



tus data field is reached. At that point the bus master will 
receive an 8-bit CRC that is the result of shifting into the 
CRC generator all of the data bytes from the initial start- 



This feature is provided since the EPROM Status 
information may change overtime making it impossible 
to program the data once and include an accompanying 
CRC that will always be valid. Therefore, the Read Sta- 
tus command supplies an 8-bit CRC that is based on 
and always is consistent with the current data stored in 
the EPROM Status data field. 

After the 8-bit CRC is read, the bus master will receive 
logical 1 sfrom the DS1 982 until a Reset Pulse is issued. 
The Read Status command sequence can be exited at 
any point by issuing a Reset Pulse. 

READ DATA/GENERATE 8-BIT CRC [C3H] 

The Read Data/Generate 8-bit CRC command is used 
to read data from the 1024-bit EPROM memory field. 
The bus master follows the command byte with a two 
byte address (TA1=(T7:T0), TA2=(T15:T8)) that indi- 
cates a starting byte location within the data field. An 
8-bit CRC of the command byte and address bytes is 
computed by the DS1982 and read back by the bus 
master to confirm that the correct command word and 
starting address were received. If the CRC read by the 
bus master is incorrect, a Reset Pulse must be issued 
and the entire sequence must be repeated. If the CRC 
received by the bus master is correct, the bus master 
issues read time slots and receives data from the 
DS1 982 starting at the initial address and continuing 
until the end of a 32-byte page is reached. At that point 
the bus master will send eight additional read time slots 
and receive an 8-bit CRC that is the result of shifting into 
the CRC generator all of the data bytes from the initial 
starting byte to the last byte of the current page. Once 
the 8-bit CRC has been received, data is again read 
from the 1 024-bit EPROM data field starting at the next 
page. This sequence will continue until the final page 
and its accompanying CRC are read by the bus master. 
Thus each page of data can be considered to be 33 
bytes long, the 32 bytes of user-programmed EPROM 
data and an 8-bit CRC that gets generated automati- 
cally at the end of each page. 

This type of read differs from the Read Memory com- 
mand which simply reads each page until the end of 
The Read Memory com- 
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mand only generates an 8-bit CRC at the end of 
memory space that often might be ignored, since in 
many applications the user would store a 16-bit CRC 
with the data itself in each page of the 1 024-bit EPROM 
data field at the time the page was programmed. 

The Read Data/Generate 8-bit CRC command pro- 
vides an alternate read capability for applications that 
are "bit-oriented" rather than "page-oriented" where 
the 1 024-bit EPROM information may change overtime 
within a page boundary making it impossible to program 
the page once and include an accompanying CRC that 
will always be valid. Therefore, the Read Data/Generate 
8-Bit CRC command concludes each page with the 
DS1 982 generating and supplying an 8-bit CRC that is 
based on and therefore is always consistent with the 
current data stored in each page of the 1024-bit 
EPROM data field. After the 8-bit CRC of the last page 
is read, the bus master will receive logical 1s from the 
DS1 982 until a Reset Pulse is issued. The Read Data/ 
Generate 8-Bit CRC command sequence can be exited 
at any point by issuing a Reset Pulse. 

* 

WRITE MEMORY [OFH] 

The Write Memory command is used to program the 
1024-bit EPROM data field. The bus master will follow 
the command byte with a two byte starting address 
(TA1=(T7:T0), TA2=(T15:T8)) and a byte of data 
(D7:D0). An 8-bit CRC of the command byte, address 
bytes, and data byte is computed by the DS1 982 and 
read back by the bus master to confirm that the correct 
command word, starting address, and data byte were 
received. 

If the CRC read by the bus master is incorrect, a Reset 
Pulse must be issued and the entire sequence must be 
repeated. If the CRC received by the bus master is cor- 
rect, a programming pulse (12 volts on the 1-Wire bus 
for 480 (xs) is issued by the bus master. Prior to program- 
ming, the entire unprogrammed 1 024-bit EPROM data 
field will appear as logical 1s. For each bit in the data 
byte provided by the bus master that is set to a logical 0, 
the corresponding bit in the selected byte of the 
1 024-bit EPROM will be programmed to a logical after 
the programming pulse has been applied at that byte 
location. 

After the 480 us programming pulse is applied and the 
data line returns to a 5 volt level, the bus master issues 
eight read time slots to verify that the appropriate bits 
have been programmed. The DS1982 responds with 



the data from the selected EPROM address sent least 
significant bit first. This byte contains the logical AND of 
all bytes written to this EPROM data address. If the 
EPROM data byte contains 1 s in bit positions where the 
byte issued by the master contains Os, a Reset Pulse 
should be issued and the current byte address should 
be programmed again. If the DS1 982 EPROM data byte 
contains Os in the same bit positions as the data byte, 
the programming was successful and the DS1982 will 
automatically increment its address counter to select 
the next byte in the 1024-bit EPROM data field. The 
least significant byte of the new two-byte address will 
also be loaded into the 8-bit CRC generator as a start- 
ing value. The bus master will issue the next byte of data 
using eight write time slots. 

As the DS1982 receives this byte of data into the 
scratchpad, it also shifts the data into the CRC genera- 
tor that has been preloaded with the LSB of the current 
address and the result is an 8-bit CRC of the new data 
byte and the LSB of the new address. After supplying 
the data byte, the bus master will read this 8-bit CRC 
from the DS1982 with eight read time slots to confirm 
thatthe address incremented properly and the data byte 
was received correctly. If the CRC is incorrect, a Reset 
Pulse must be issued and the Write Memory command 
sequence must be restarted. If the CRC is correct, the 
bus master will issue a programming pulse and the 
selected byte in memory will be programmed. 

Note that the initial pass through the Write Memory flow 
chart will generate an 8-bit CRC value that is the result 
of shifting the command byte into the CRC generator, 
followed by the two address bytes, and finally the data 
byte. Subsequent passes through the Write Memory 
flow chart due to the DS1 982 automatically increment- 
ing its address counter will generate an 8-bit CRC that 
is the result of loading (not shifting) the LSB of the new 
(incremented) address into the CRC generator and then 
shifting in the new data byte. 

For both of these cases, the decision to continue (to 
apply a program pulse to the DS1982) is made entirely 
by the bus master, since the DS1 982 will not be able to 
determine if the 8-bit CRC calculated by the bus master 
agrees with the 8-bit CRC calculated by the DS1 982. If 
an incorrect CRC is ignored and a program pulse is 
applied by the bus master, incorrect programming could 
occur within the DS1 982. Also note that the DS1 982 will 
always increment its internal address counter after the 
receipt of the eight read time slots used to confirm the 
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programming of the selected EPROM byte. The deci- 
sion to continue is again made entirely by the bus mas- 
ter, therefore if the EPROM data byte does not match 
the supplied data byte but the master continues with the 
Write Memory command, incorrect programming could 
occur within the DS1 982. The Write Memory command 
sequence can be exited at any point by issuing a Reset 
Pulse. 



WRITE STATUS [55H] 

The Write Status command is used to program the 
EPROM Status data field. The bus master will follow the 
command byte with a two byte starting address 
(TA1 =(T7:T0), TA2=(T15:T8)) and a byte of status data 
(D7:D0). An 8-bit CRC of the command byte, address 
bytes, and data byte is computed by the DS1 982 and 
read back by the bus master to confirm that the correct 
command word, starting address, and data byte were 
received. 

If the CRC read by the bus master is incorrect, a Reset 
Pulse must be issued and the entire sequence must be 
repeated. If the CRC received by the bus master is cor- 
rect, a programming pulse (12 volts on the 1-Wire bus 
for 480 us) is issued by the bus master. Prior to program- 
ming, the first seven bytes of the EPROM Status data 
field will appear as logical 1s. For each bit in the data 
byte provided by the bus master that is set to a logical 0, 
the corresponding bit in the selected byte of the EPROM 
Status data field will be programmed to a logical after 
the programming pulse has been applied at that byte 
location. The eighth byte of the EPROM Status Byte 
data field is factory-programmed to contain OOh. 

After the 480 us programming pulse is applied and the 
data line returns to a 5 volt level, the bus master issues 
eight read time slots to verify that the appropriate bits 
have been programmed. The DS1982 responds with 
the data from the selected EPROM Status address sent 
least significant bit first. This byte contains the logical 
AND of all bytes written to this EPROM Status Byte 
address. If the EPROM Status Byte contains 1 s in bit 
positions where the byte issued by the master contained 
0s, a Reset Pulse should be issued and the current byte 
address should be programmed again. If the DS1982 
EPROM Status Byte contains 0s in the same bit posi- 
tions as the data byte, the programming was successful 
and the DS1 982 will automatically increment its address 



counter to select the next byte in the EPROM Status 
data field. The least significant byte of the new two-byte 
address will also be loaded into the 8-bit CROgenerator 
as a starting value. The bus master will issue the next 
byte of data using eight write time slots. 

As the DS1982 receives this byte of data into the 
scratchpad, it also shifts the data into the CRC genera- 
tor that has been preloaded with the LSB of the current 
address and the result is an 8-bit CRC of the new data 
byte and the LSB of the new address. After supplying 
the data byte, the bus master will read this 8-bit CRC 
from the DS1982 with eight read time slots to confirm 
that the address incremented properly and the data byte 
was received correctly. If the CRC is incorrect, a Reset 
Pulse must be issued and the Write Status command 
sequence must be restarted. If the CRC is correct, the 
bus master will issue a programming pulse and the 
selected byte in memory will be programmed. 

Note that the initial pass through the Write Status flow 
chart will generate an 8-bit CRC value that is the result 
of shifting the command byte into the CRC generator, 
followed by the two address bytes, and finally the data 
byte. Subsequent passes through the Write Status flow 
chart due to the DS1 982 automatically incrementing its 
address counter will generate an 8-bit CRC that is the 
result of loading (not shifting) the LSB of the new 
(incremented) address into the CRC generator and then 
shifting in the new data byte. 

For both of these cases, the decision to continue (to 
apply a program pulse to the DS1 982) is made entirely 
by the bus master, since the DS1982 will not be able to 
determine if the 8-bit CRC calculated by the bus master 
agrees with the 8-bit CRC calculated by the DS1 982. If 
an incorrect CRC is ignored and a program pulse is 
applied by the bus master, incorrect programming could 
occur within the DS1 982. Also note that the DS1 982 will 
always increment its internal address counter after the 
receipt of the eight read time slots used to confirm the 
programming of the selected EPROM byte. The deci- 
sion to continue is again made entirely by the bus mas- 
ter, therefore if the EPROM data byte does not match 
the supplied data byte but the master continues with the 
Write Status command, incorrect programming could 
occur within the DS1 982. The Write Status command 
sequence can be ended at any point by issuing a Reset 
Pulse. 
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1-WIRE BUS SYSTEM 

The 1 -Wire bus is a system which has a single bus mas- 
ter and one or more slaves. In all instances, the DS1 982 
is a slave device. The bus master is typically a micro- 
controller. The discussion of this bus system is broken 
down into three topics: hardware configuration, transac- 
tion sequence, and 1-Wire signalling (signal type and 
timing). A 1-Wire protocol defines bus transactions in 
terms of the bus state during specified time slots that are 
initiated on the falling edge of sync pulses from the bus 
master. For a moredetailed protocol description, referto 
Chapter 4 of the Book of DS1 9xx Touch Memory Stan- 
dards. 

Hardware Configuration 

The 1-Wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 
at the appropriate time. To facilitate this, each device 
attached to the 1-Wire bus must have an open drain 
connection or 3-state outputs. The DS1982 is an open 
drain part with an internal circuit equivalent to that 
shown in Figure 7. The bus master can be the same 
equivalent circuit. If a bidirectional pin is not available, 
separate output and input pins can be tied together. 

The bus master requires a pull-up resistor atthe master 
end of the bus, with the bus master circuit equivalent to 
the one shown in Figures 8a and 8b. The value of the 
pull-up resistor should be approximately 5 kQ for short 
line lengths. 

A multidrop bus consists of a 1-Wire bus with multiple 
slaves attached. The 1-Wire bus has a maximum data 
rate of 16.3k bits per second. If the bus master is also 
required to perform programming of the EPROM por- 
tions of the DS1982, a programming supply capable of 
delivering up to 10 milliamps at 12 volts for 480 (is is 
required. The idle state for the 1-Wire bus is high. If, for 
any reason, a transaction needs to be suspended, the 
bus MUST be left in the idle state if the transaction is to 
resume. If this does not occur and the bus is left low for 
more than 1 20 us, one or more of the devices on the bus 
may be reset. 



TRANSACTION SEQUENCE 

The sequence for accessing the DS1 982 via the 1 -Wire 
port is as follows: 

• Initialization 

• ROM Function Command 

• Memory Function Command 

• Read/Write Memory/Status 

INITIALIZATION 

All transactions on the 1-Wire bus begin with an initial- 
ization sequence. The initialization sequence consists 
of a reset pulse transmitted by the bus master followed 
by a presence pulse(s) transmitted by the slave(s). 

The presence pulse lets the bus master know that the 
DS1 982 is on the bus and is ready to operate. For more 
details, see the "1-Wire Signalling" section. 

ROM FUNCTION COMMANDS 

Once the bus master has detected a presence, it can 
issue one of the four ROM function commands. All ROM 
function commands are eight bits long. A list of these 
commands follows (refer to flowchart in Figure 9): 

Read ROM [33H] 

This command allows the bus master to read the 
DS1 982's 8-bit family code, unique 48-bit serial num- 
ber, and 8-bit CRC. This command can be used only if 
there is a single DS1982 on the bus. If more than one 
slave is present on the bus, a data collision will occur 
when all slaves try to transmit at the same time (open 
drain will produce a wired-AND result). 

Match ROM [55H] 

The match ROM command, followed by a 64-bit ROM 
sequence, allows the bus master to address a specific 
DS1982 on a multidrop bus. Only the DS1982 that 
exactly matches the 64-bit ROM sequence will respond 
to the subsequent memory function command. All 
slaves that do not match the 64-bit ROM sequence will 
wait for a reset pulse. This command can be used with a 
single or multiple devices on the bus. 
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DS1982 EQUIVALENT CIRCUIT Figure 7 
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ROM FUNCTIONS FLOW CHART Figure 9 



MASTER T x 
RESET PULSE 



DS1982T X 
PRESENCE 
PULSE 



MASTER T x ROM 
FUNCTION COMMAND 






DS1982T X 
SERIAL NUMBER 
6 BYTES 



DS1982T X 
CRC BYTE 



MASTER T x BIT 63 




BIT 63 
MATCH? 



DS1982T X BIT63 



DS1982T X BIT63 



MASTER T x BIT 63 




MASTER T x MEMORY 
FUNCTION COMMAND 



(SEE FIGURE 6) 



76 



DS1982 



Skip ROM [CCH] 

This command can save time in a single drop bus sys- 
tem by allowing the bus master to access the memory 
functions without providing the 64-bit ROM code. If 
more than one slave is present on the bus and a read 
command is issued following the Skip ROM command, 
data collision will occur on the bus as multiple slaves 
transmit simultaneously (open drain pull-downs will 
produce a wire-AND result). 

Search ROM [FOH] 

When a system is initially brought up, the bus master 
might not know the number of devices on the 1-Wire 
bus or their 64-bit ROM codes. The search ROM com- 
mand allows the bus master to use a process of elimina- 
tion to identify the 64-bit ROM codes of all slave devices 
on the bus. The ROM search process is the repetition of 
a simple 3-step routine: read a bit, read the complement 
of the bit, then write the desired value of that bit. The bus 
master performs this simple, 3-step routine on each bit 
of the ROM. After one complete pass, the bus master 
knows the contents of the ROM in one device. The 
remaining number of devices and their ROM codes may 
be identified by additional passes. See Chapter 5 of the 
Book of DS19xx Touch Memory Standards for a com- 
prehensive discussion of a ROM search, including an 
actual example. 

1-Wire Signalling 

The DS1982 requires strict protocols to insure data 
integrity. The protocol consists of five types of signalling 
on one line: Reset Sequence with Reset Pulse and 
Presence Pulse, Write 0, Write 1 , Read Data and Pro- 
gram Pulse. All these signals except presence pulse are 
initiated by the bus master. The initialization sequence 
required to begin any communication with the DS1982 
is shown in Figure 1 0. A reset pulse followed by a pres- 
ence pulse indicates the DS1982 is ready to accept a 
ROM command. The bus master transmits (TX) a reset 
pulse (tRSTL. minimum 480 us). The bus master then 
releases the line and goes into receive mode (RX). The 
1-Wire bus is pulled to a high state via the pull-up resis- 
tor. After detecting the rising edge on the 1-Wire line, 
the DS1 982 waits (t PD H. 1 5-60 us) and then transmits 
the presence pulse (t PDL , 60-240 us). 

Read/Write Time Slots 

The definitions of write and read time slots are illustrated 
in Figure 11. All time slots are initiated by the master 
driving the data line low. The falling edge of the data line 
synchronizes the DS1982 to the master by triggering a 



delay circuit in the DS1982. During write time slots, the 
delay circuit determines when the DS1 982 will sample 
the data line. For a read data time slot, if a "0" is to be 
transmitted, the delay circuit determines how long the 
DS1 982 will hold the data line low overriding the 1 gen- 
erated by the master. If the data bit is a "1", the Touch 
Memory will leave the read data time slot unchanged. 

PROGRAM PULSE 

To copy data from the 8-bit scratchpad to the EPROM 
Data or Status Memory, a program pulse of 12 volts is 
applied to the data line after the bus master has con- 
firmed that the CRC for the current byte is correct. Dur- 
ing programming, the bus master controls the transition 
from a state where the data line is idling high via the 
pull-up resistor to a state where the data line is actively 
driven to a programming voltage of 1 2 volts providing a 
minimum of 1 mA of current to the DS1 982. This pro- 
gramming voltage (Figure 1 2) should be applied for 480 
us, after which the bus master returns the data line to an 
idle high state controlled by the pull-up resistor. Note 
that due to the high voltage programming requirements 
for any 1-Wire EPROM device, it is not possible to mul- 
ti-drop non-EPROM based 1-Wire devices with the 
DS1982 during programming. An internal diode within 
the non-EPROM based 1-Wire devices will attempt to 
clamp the data line at approximately 8 volts and could 
potentially damage these devices. 

CRC GENERATION 

The DS1 982 has an 8-bit CRC stored in the most signif- 
icant byte of the 64-bit ROM. The bus master can com- 
pute a CRC value from the first 56 bits of the 64-bit ROM 
and compare it to the value stored within the DS1 982 to 
determine if the ROM data has been received error-free 
by the bus master. The equivalent polynomial function 
of this CRC is: X 8 + X 5 + X 4 + 1 . 

Under certain conditions, the DS1982 also generates 
an 8-bit CRC value using the same polynomial function 
shown above and provides this value to the bus master 
to validate the transfer of command, address, and data 
bytes from the bus master to the DS1 982. The Memory 
Function Flow Chart of Figure 6 indicates that the 
DS1982 computes an 8-bit CRC for the command, 
address, and data bytes received for the Write Memory 
and the Write Status commands and then outputs this 
value to the bus master to confirm proper transfer. Simi- 
larly the DS1982 computes an 8-bit CRC for the com- 
mand and address bytes received from the bus master 
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for the Read Memory, Read Status, and Read Data/ 
Generate 8-Bit CRC commands to confirm that these 
bytes have been received correctly. The CRC generator 
on the DS1 982 is also used to provide verification of 
error-free data transfer as each page of data from the 
1024-bit EPROM is sent to the bus master during a 
Read Data/Generate 8-Bit CRC command, and for the 
eight bytes of information in the status memory field. 

In each case where a CRC is used for data transfer val- 
idation, the bus master must calculate a CRC value 
using the polynomial function given above and compare 
the calculated value to either the 8-bit CRC value stored 
in the 64-bit ROM portion of the DS1982 (for ROM 



reads) or the 8-bit CRC value computed within the 
DS1982. The comparison of CRC values and decision 
to continue with an operation are determined entirely by 
the bus master. There is no circuitry on the DS1 982 that 
prevents a command sequence from proceeding if the 
CRC stored in or calculated by the DS1982 does not 
match the value generated by the bus master. Proper 
use of the CRC as outlined in the flow chart of Figure 6 
can result in a communication channel with a very high 
level of integrity. For more details on generating CRC 
values including example implementations in both hard- 
ware and software, see the Book of DS19xx Touch 
Memory Standards. 



INITIALIZATION PROCEDURE "RESET AND PRESENCE PULSES" Figure 10 
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READ/WRITE TIMING DIAGRAM 
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PROGRAM PULSE TIMING DIAGRAM Figure 12 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground -0.5V to +1 2.0V 

Operating Temperature -40°C to +85°C 

Storage Temperature -55°C to +1 25°C 

* This is a stress rating only and functional operation of the device at these or any other conditions outside 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CHARACTERISTICS (V PUP =2.8V to 6.0V; -40°C to +85°C) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Logic 1 


V,H 


2.2 




V cc +0.3 


V 


1 ,6 


Logic 


VlL 


-0.3 




+0.8 


V 


1 


Output Logic Low @4 mA 


Vol 






0.4 


V 


1 


Output Logic High 


V H 




VpuP 


6.0 


V 


1,2 


Input Load Current 


II 




5 




uA 


3 


Operating Charge 


Qop 






30 


nC 


7, 8 


Programming Voltage @ 10 mA 


v PP 


11.0 


11.5 


12.0 


V 
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NOTES 
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PF 
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AC ELECTRICAL CHARACTERISTICS 




(V PUP =2.8V to 6.0V; -40°C to +85°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Time Slot 


tSLOT 


60 




120 


US 




Write 1 Low Time 


tLOW1 


1 




15 


US 




Write Low Time 


l LOW0 


60 




120 


us 




Read Data Valid 


tRDV 


exactly 1 5 


US 




Release Time 


^RELEASE 





15 


45 


us 




Read Data Setup 


tsu 






1 


us 


5 


Recovery Time 


tREC 


1 






US 




Reset Time High 


tRSTH 


480 






us 


4 


Reset Time Low 


tRSTL 


480 






US 




Presence Detect High 


tpDHiGH 


15 




60 


US 




Presence Detect Low 


tpDLOW 


60 




240 


us 




Delay to Program 


l DP 


5 






US 


10 


Delay to Verify 


t&v 


5 






US 


10 


Program Pulse Width 


tpp 


480 






US 


10 


Program Voltage Rise Time 


W 


5 






us 


10 


Program Voltage Fall Time 


tFP 


5 






US 


10 
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NOTES: 

1 . All voltages are referenced to ground. 

2. Vpup = external pull-up voltage. 

3. Input load is to ground. 

4. An additional reset or communication sequence cannot begin until the reset high time has expired. 

5. Read data setup time refers to the time the host must pull the 1-Wire bus low to read a bit. Data is guaran- 
teed to be valid within 1 us of this falling edge and will remain valid for 14 us minimum. (15 us total from fal- 
ling edge on 1-Wire bus.) 

6. V| H is a function of the external pull-up resistor and the V cc supply. 

7. 30 nanocoulombs per 72 time slots @ 5.0V. 

8. At V CC =5.0V with a 5 kQ pullup to V cc and a maximum time slot of 120 \is. 

9. Capacitance on the data pin could be 800 pF when power is first applied. If a 5 kQ resistor is used to pull up 
the data line to V C c, 5 ps after power has been applied the parasite capacitance will not affect normal com- 
munications. 

1 0. Maximum 1-Wire voltage for programming parameters is 1 1 .5V ± 0.5V; temperature range is -40°C to +85°C. 
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DALLAS 

SEMICONDUCTOR 



DS1985 

16Kbit Add-Only Touch Memory 



SPECIAL FEATURES 

• 16384-bits Electrically Programmable Read Only 
Memory (EPROM) communicates with the economy 
of one signal plus ground 

• EPROM partitioned into sixty-four 256-bit pages for 
randomly accessing packetized data records 

• Each memory page can be permanently write-pro- 
tected to prevent tampering 

• Device is an "add only" memory where additional data 
can be programmed into EPROM without disturbing 
existing data 

• Architecture allows software to patch data by super- 
seding an old page in favor of a newly programmed 
page 

• Reduces control, address, data, power, and program- 
ming signals to a single data pin 

• 8-bit family code specifies OS1985 communications 
requirements to reader 

• Reads over a wide voltage range of 2.8V to 6.0V from 
-40°C to +85°C; programs at 11.5V ± 0.5V from 
-20°C to +50°C 

COMMON TOUCH MEMORY FEATURES 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8-bit family code + 48-bit serial number 

F3 MICROCAN™ 

— »- 3.10 
0.36 -»- -*- 

~~ ■ 0.51 



DATA IT 

GROUND 




+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Multidrop controller for MicroLAN™ 

• Digital identification and information by momentary 
contact 

• Chip-based data carrier compactly stores informa- 
tion 

• Data can be accessed while affixed to object 

• Economically communicates to bus master with a 
single digital signal at 1 6.3k bits per second 

• Standard 16 mm diameter and 1-Wire protocol 
ensure compatibility with Touch Memory family 

• Button shape is self-aligning with cup-shaped 
probes 

• Durable stainless steel case engraved with registra- 
tion number withstands harsh environments 

• Easily affixed with self-stick adhesive backing, 
latched by its flange, or locked with a ring pressed 
onto its rim 

• Presence detector acknowledges when reader first 
applies voltage 

• Meets UL#913 (4th Edit.); Intrinsically Safe Appara- 
tus, Approved under Entity Concept for use in Class 
I, Division 1 , Group A, B, C and D Locations (applica- 
tion pending) 



- 



17.35 



0.36 H* 



5.89 



DATA ♦ 



0.51 




GROUND 



All dimensions shown in millimeters. 



Copyright © 1993 Dallas Semiconductor Corporation 
Printed in U.S.A. 



83 



052594 1/23 



DS1985 



ORDERING INFORMATION 



DS1985-F3 
DS1985-F5 



F3 MicroCan 
F5 MicroCan 



EXAMPLES OF ACCESSORIES 



DS9096P 

DS9101 

DS9093RA 

DS9093F 

DS9092 



Self-Stick Adhesive Pad 
Multi-Purpose Clip 
Mounting Lock Ring 
Snap-In Fob 
Touch Memory Probe 



SILICON LABEL™ DESCRIPTION 

The DS1985 16K-bit Add-Only Touch Memory But- 
ton™ is a rugged read/write data carrier that identifies 
and stores relevant information about the product or 
person to which it is attached. This information can be 
accessed with minimal hardware, for example a single 
port pin of a microcontroller. The DS1985 consists of a 
factory-lasered registration number that includes a 
unique 48-bit serial number, an 8-bit CRC, and an 8-bit 
Family Code (OBH) plus 1 6K-bit of EPROM which is 
user-programmable. The power to program and read 
the DS1 985 is derived entirely from the 1 -Wire commu- 
nication line. Data is transferred serially via the 1-Wire 
protocol which requires only a single data lead and a 
ground return. The entire device can be programmed 
and then write-protected if desired. Alternatively, the 
part may be programmed multiple times with new data 
being appended to, but not overwriting, existing data 
with each subsequent programming of the device. Note: 
Individual bits can be changed only from a logical 1 to a 
logical 0, never from a logical to a logical 1 . A provision 
is also included for indicating that a certain page or 
pages of data are no longer valid and have been 
replaced with new or updated data that is now residing 
at an alternate page address. This page address 
redirection allows software to patch data and enhance 
the flexibility of the device as a standalone database. 
The 48-bit serial number that is factory-lasered into 
each DS1985 provides a guaranteed unique identity 
which allows for absolute traceability. The durable 
MicroCan package is highly resistant to harsh environ- 
ments such as dirt, moisture, and shock. Its compact 
button-shaped profile is self-aligning with cup-shaped 
receptacles, allowing the DS1985 to be used easily by 
human operators or automatic equipment. Accessories 
permit the DS1985 to be mounted on printed circuit 
boards, plastic key fobs, photo-ID badges, ID bracelets, 
and many other objects. Applications include work-in- 
progress tracking, electronic travelers, access control, 
storage of calibration constants, and debit tokens. 



OVERVIEW 

The block diagram in Figure 1 shows the relationships 
between the major control and memory sections of the 
DS1985. The DS1985 has three main data compo- 
nents: 1) 64-bit lasered ROM, 2) 16384-bits EPROM 

from the 1-Wire communication line by storing energy 
on an internal capacitor during periods of time when the 
signal line is high and continues to operate off of this 
"parasite" power source during the low times of the 
1-Wire line until it returns high to replenish the parasite 
(capacitor) supply. During programming, 1-Wire com- 
munication occurs at normal voltage levels and then is 
pulsed momentarily to the programming voltage to 
cause the selected EPROM bits to be programmed. The 
1 -Wire line must be able to provide 1 2 volts and 10 mil- 
liamperes to adequately program the EPROM portions 
of the part. Whenever programming voltages are pres- 
ent on the 1-Wire line a special high voltage detect cir- 
cuit within the DS1 985 generates an internal logic signal 
to indicate this condition. The hierarchical structure of 
the 1-Wire protocol is shown in Figure 2. The bus mas- 
ter must first provide one of the four ROM Function 
Commands, 1) Read ROM, 2) Match ROM, 3) Search 
ROM, 4) Skip ROM. These commands operate on the 
64-bit lasered ROM portion of each device and can sin- 
gulate a specific device if many are present on the 
1-Wire line as well as indicate to the bus master how 
many and what types of devices are present. The proto- 
col required for these ROM Function Commands is 
described in Figure 8. After a ROM Function Command 
is successfully executed, the memory functions that 
operate on the EPROM portions of the DS1 985 become 
accessible and the bus master may issue any one of the 
five Memory Function Commands specific to the 
DS1 985 to read or program the various data fields. The 
protocol for these Memory Function Commands is 
described in Figure 5. All data is read and written least 
significant bit first. 



64-BIT LASERED ROM 

Each DS1 985 contains a unique ROM code that is 64 
bits long. The first eight bits are a 1-Wire family code. 
The next 48 bits are a unique serial number. The last 
eight bits are a CRC of the first 56 bits. (See Figure 3.) 
The 64-bit ROM and ROM Function Control section 
allow the DS 1 985 to operate as a 1 -Wire device and fol- 
low the 1-Wire protocol detailed in the section "1-Wire 
Bus System". The memory functions required to read 
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and program the EPROM sections of the DS1 985 are 
not accessible until the ROM function protocol has been 
satisfied. This protocol is described in the ROM func- 
tions flow chart (Figure 8). The 1-Wire bus master must 
first provide one of four ROM function commands: 1) 
Read ROM, 2) Match ROM, 3) Search ROM, or 4) Skip 
ROM. After a ROM function sequence has been suc- 
cessfully executed, the bus master may then provide 
any one of the memory function commands specific to 
the DS1985 (Figure 5). 

The 1-Wire CRC of the lasered ROM is generated using 
the polynomial X 8 + X 5 + X 4 + 1 . Additional information 



about the Dallas Semiconductor 1-Wire Cyclic Redun- 
dancy Check is available in the Book of DS19xx Touch 
Memory Standards. The shift register acting as the CRC 
accumulator is initialized to zero. Then starting with the 
least significant bit of the family code, one bit at a time is 
shifted in. After the eighth bit of the family code has been 
entered, then the serial number is entered. After the 
48th bit of the serial number has been entered, the shift 
register contains the CRC value. Shifting in the eight bits 
of CRC should return the shift register to all zeroes. 
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HIERARCHICAL STRUCTURE FOR 1-WIRE PROTOCOL Figure 2 
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AVAILABLE DATA FIELD 

COMMANDS; AFFECTED: 



1-WIRE ROM FUNCTION 
COMMANDS (SEE FIGURE 9) 



READ ROM 
MATCH ROM 
SEARCH ROM 
SKIP ROM 



64-BIT ROM 
64-BIT ROM 
64-BIT ROM 
N/A 



DS1 985-SPECIFIC 
MEMORY FUNCTION 
COMMANDS 
(SEE FIGURE 6) 



WRITE MEMORY 
WRITE STATUS 
READ MEMORY 
READ STATUS 
EXTENDED READ DATA 



1 6K-BIT EPROM 
EPROM STATUS BYTES 
16K-BIT EPROM 
EPROM STATUS BYTES 
16K-BIT EPROM 



64-BIT LASERED ROM Figure 3 



8-Bit CRC Code 
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16384-BITS EPROM 

The memory map in Figure 4 shows the 16384-bits 
EPROM section of the DS1 985 which is configured as 
sixty-four pages of 32 bytes each. The 8-bit scratchpad 
is an additional register that acts as a buffer when pro- 
gramming the memory. Data is first written to the 
scratchpad and then verified by reading an 16-bit CRC 
from the DS1 985 that confirms proper receipt of the data 
and address. If the buffer contents are correct, a pro- 
gramming voltage should be applied and the byte of 
data will be written into the selected address in memory. 
This process insures data integrity when programming 
the memory. The details for reading and programming 
the 1 6384-bits EPROM portion of the DS1 985 are given 
in the Memory Function Commands section. 

EPROM STATUS BYTES 

In addition to the 1 6384 bits of data memory the DS1 985 
provides 704 bits of Status Memory ac 
separate commands. 



The EPROM Status Bytes can be read or programmed 
to indicate various conditions to the software interrogat- 
ing the DS1 985. The first eight bytes of the EPROM Sta- 
tus Memory (addresses 000 to 007H) contain the Write 
Protect Page bits which inhibit programming of the cor- 
responding page in the 16384-bit main memory area if 
the appropriate write protection bit is programmed. 
Once a bit has been programmed in the Write Protect 
Page section of the Status Memory, the entire 32 byte 
page that corresponds to that bit can no longer be 
altered but may still be read. 

The next eight bytes of the EPROM Status Memory 
(addresses 020 to 027H) contain the Write Protect bits 
which inhibit altering the Page Address Redirection 
Byte corresponding to each page in the 1 6384-bit main 
memory area. 

The following eight bytes within the EPROM Status 
Memory (addresses 040 to 047H) are reserved for use 
by the Touch Memory Executive TMEX. Their purpose 
is to indicate which memory pages are already in use. 
Originally, all of these bits are unprogrammed, indicat- 
ing that the device does not store any data. As soon as 
data is written to any page of the device under control of 
TMEX, the bit inside this bitmap corresponding to that 
page will be programmed to 0, marking this page as 
used. These bits are application flags only and have no 
impact on the internal logic of the DS1985. 

■ 



The next sixty-four bytes of the EPROM Status Memory 
(addresses 100H to 13FH) contain the Page Address 
Redirection Bytes which indicate if one or more of the 
pages of data in the 1 6384-bits EPROM section have 
been invalidated by software and redirected to the page 
address contained in the appropriate redirection byte. 
The hardware of the DS1 985 makes no decisions based 
on the contents of the Page Address Redirection Bytes. 
These additional bytes of Status EPROM allow for the 
redirection of an entire page to another page address, 
indicating that the data in the original page is no longer 
considered relevant or valid. With EPROM technology, 
bits within a page can be changed from a logical 1 to a 
logical by programming, but cannot be changed back. 
Therefore, it is not possible to simply rewrite a page if the 
data requires changing or updating, but with space per- 
mitting, an entire page of data can be redirected to 
another page within the DS1985 by writing the one's 
complement of the new page address into the Page 
Address Redirection Byte that corresponds to the origi- 
nal (replaced) page. 

; allows the user's software to make a 
3 ROM by indicating that a particu- 
lar page or pages should be replaced with those indi- 
cated in the Page Address Redirection Bytes. To leave 
an authentic audit trail of data patches, it is recom- 
mended to also program the write protect bit of the Page 
Address Redirection Byte, after the page redirection is 
programmed. Without this protection, it is still possible 
to modify the Page Address Redirection Byte, making it 
i page than the true one. 

If a Page Address Redirection Byte has a FFH value, the 
data in the main memory that corresponds to that page 
is valid. If a Page Address Redirection Byte has some 
other hex value, the data in the page corresponding to 
that redirection byte is invalid, and the valid data can 
now be found at the one's complement of the page 
address indicated by the hex value stored in the 
associated Page Address Redirection Byte. A value of 
FDH in the redirection byte for page 1 , for example, 
would indicate that the updated data is now in page 2. 
The details for reading and programming the EPROM 
status memory portion of the DS1 985 are given in the 
Memory Function Commands section. 

The Status Memory address range of the DS1985 
mds from 000 to 1 3FH . The memory locations 008H 
to 0FFH and 140H to 
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7FFH are physically not implemented. Reading these internal circuitry of the chip. This will result in a mis- 
locations will usually result in FFH bytes. Attempts to match between the CRC calculated by the DS1 985 and 
write to these locations will be ignored. If the bus master the CRC calculated by the bus master, indicating an 
sends a starting address higher than 7FFH, the five error condition, 
most significant address bits are set to zeros by the 
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MEMORY FUNCTION COMMANDS 

The "Memory Function Flow Chart" (Figure 5) describes 
the protocols necessary for accessing the various data 
fields within the DS1 985. The Memory Function Control 
section, 8-bit scratchpad, and the Program Voltage 
Detect circuit combine to interpret the commands 
issued by the bus master and create the correct control 
signals within the device. A three-byte protocol is 
issued by the bus master. It is comprised of a command 
byte to determine the type of operation and two address 
bytes to determine the specific starting byte location 
within a data field. The command byte indicates if the 
device is to be read or written. Writing data involves not 
only issuing the correct command sequence but also 
providing a 12-volt programming voltage at the 
appropriate times. To execute a write sequence, a byte 
of data is first loaded into the scratchpad and then pro- 
grammed into the selected address. Write sequences 
always occur a byte at a time. To execute a read 
sequence, the starting address is issued by the bus 
master and data is read from the part beginning at that 
initial location and continuing to the end of the selected 
data field or until a reset sequence is issued. All bits 
transferred to the DS1 985 and received back by the bus 
master are sent least significant bit first. 

READ MEMORY [FOH] 

The Read Memory command is used to read data from 
the 16384-bits EPROM data field. The bus master fol- 
lows the command byte with a two byte address 
(TA1=(T7:T0), TA2=(T15:T8)) that indicates a starting 
byte location within the data field. With every subse- 
quent read data time slot the bus master receives data 
from the DS1 985 starting at the initial address and con- 
tinuing until the end of the 16384-bits data field is 
reached or until a Reset Pulse is issued. If reading 
occurs through the end of memory space, the bus mas- 
ter may issue sixteen additional read time slots and the 
DS1985 will respond with a 16-bit CRC of the com- 
mand, address bytes and all data bytes read from the 
initial starting byte through the last byte of memory. This 
CRC is the result of clearing the CRC generator and 
then shifting in the command byte followed by the two 
address bytes and the data bytes beginning at the first 
addressed memory location and continuing through to 
the last byte of the EPROM data memory. After the CRC 
is received by the bus master, any subsequent read time 
slots will appear as logical 1s until a Reset Pulse is 
issued. Any reads ended by a Reset Pulse prior to 
reaching the end of memory will not have the 1 6— bit 
CRC available. 



Typically a 1 6-bit CRC would be stored with each page 
of data to insure rapid, error-free data transfers that 
eliminate having to read a page multiple times to deter- 
mine if the received data is correct or not. (See Book of 
DS19xx Touch Memory Standards, Chapter 7 for the 
recommended file structure to be used with the 1-Wire 
environment.) If CRC values are imbedded within the 
data, a Reset Pulse may be issued at the end of memory 
space during a Read Memory command. 

READ STATUS [AAH] 

The Read Status command is used to read data from 
the EPROM Status data field. The bus master follows 
the command byte with a two byte address 
(TA1=(T7:T0), TA2=(T15:T8)) that indicates a starting 
byte location within the data field. With every subse- 
quent read data time slot the bus master receives data 
from the DS1 985 starting at the supplied address and 
continuing until the end of an eight-byte page of the 
EPROM Status data field is reached. At that point the 
bus master will receive a 1 6-bit CRC of the command 
byte, address bytes and status data bytes. This CRC is 
computed by the DS1 985 and read back by the bus 
master to check if the command word, starting address 
and data were received correctly. If the CRC read by the 
bus master is incorrect, a Reset Pulse must be issued 
and the entire sequence must be repeated. 

Note that the initial pass through the Read Status flow 
chart will generate a 1 6-bit CRC value that is the result 
of clearing the CRC generator and then shifting in the 
command byte followed by the two address bytes, and 
finally the data bytes beginning at the first addressed 
memory location and continuing through to the last byte 
of the addressed EPROM Status data page. The last 
byte of a Status data page always has an ending 
address of xx7 or xxFH. Subsequent passes through 
the Read Status flow chart will generate a 1 6-bit CRC 
that is the result of clearing the CRC generator and then 
shifting in the new data bytes starting at the first byte of 
the next page of the EPROM Status data field. 

This feature is provided since the EPROM Status 
information may change over time making it impossible 
to program the data once and include an accompanying 
CRC that will always be valid. Therefore, the Read Sta- 
tus command supplies a 1 6-bit CRC that is based on 
and always is consistent with the current data stored in 
the EPROM Status data field. 
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MEMORY FUNCTION FLOW CHART Figure 5 
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MEMORY FUNCTION FLOW CHART (cont'd) 
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MEMORY FUNCTION FLOW CHART (cont'd) Figure 5 
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After the 16-bit CRC of the last EPROM Status data 
page is read, the bus master will receive logical 1 s from 
the DS1 985 until a Reset Pulse is issued. The Read Sta- 
tus command sequence can be ended at any point by 
issuing a Reset Pulse. 

EXTENDED READ MEMORY [A5H] 

The Extended Read Memory command supports page 
redirection when reading data from the 16384-bit 
EPROM data field. One major difference between the 
Extended Read Memory and the basic Read Memory 
command is that the bus master receives the Redirec- 
tion Byte first before investing time in reading data from 
the addressed memory location. This allows the bus 
master to quickly decide whether to continue and 
access the data at the selected starting page or to termi- 
nate and restart the reading process at the redirected 
page address. A non-redirected page is identified by a 
Redirection Byte with a value of FFH (see description of 
EPROM Status Bytes). If the Redirection Byte is differ- 
ent than this, the master has to complement it to obtain 
the new page number. Multiplying the page number by 
32 (20H) results in the new address the master has to 
send to the DS1 985 to read the updated data replacing 
the old data. There is no logical limitation in the number 
of redirections of any page. The only limit is the number 
of available memory pages within the DS1 985. 

In addition to page redirection, the Extended Read 
Memory command also supports "bit-oriented" applica- 
tions where the user cannot store a 1 6-bit CRC with the 
data itself. With bit-oriented applications the EPROM 
information may change over time within a page bound- 
ary making it impossible to include an accompanying 
CRC that will always be valid. Therefore, the Extended 
Read Memory command concludes each page with the 
DS1985 generating and supplying a 16-bit CRC that is 
based on and therefore always consistent with the cur- 
rent data stored in each page of the 1 6384-bit EPROM 
data field. 

After having sent the command code of the Extended 
Read Memory command, the bus master follows the 
command byte with a two byte address (TA1=(T7:T0), 
TA2=(T15:T8)) that indicates a starting byte location 
within the data field. By sending eight read data time 
slots, the master receives the Redirection Byte 
associated with the page given by the starting address. 
With the next sixteen read data time slots, the bus mas- 



ter receives a 16-bit CRC of the command byte, 
address bytes and the Redirection Byte. This CRC is 
computed by the DS1 985 and read back by the bus 
master to check if the command word, starting address 
and Redirection Byte were received correctly. 

If the CRC read by the bus master is incorrect, a Reset 
Pulse must be issued and the entire sequence must be 
repeated. If the CRC received by the bus master is cor- 
rect, the bus master issues read time slots and receives 
data from the DS1 985 starting at the initial address and 
continuing until the end of a 32-byte page is reached. At 
that point the bus master will send sixteen additional 
read time slots and receive a 16-bit CRC that is the 
result of shifting into the CRC generator all of the data 
bytes from the initial starting byte to the last byte of the 
current page. 

With the next 24 read data time slots the master will 
receive the Redirection Byte of the next page followed 
by a 1 6-bit CRC of the Redirection Byte. After this, data 
is again read from the 1 6384-bit EPROM data field 
starting at the beginning of the new page. This 
sequence will continue until the final page and its 
accompanying CRC are read by the bus master. 

The Extended Read Memory command provides a 
1 6-bit CRC at two locations within the transaction flow 
chart: 1) after the Redirection Byte and 2) at the end of 
each memory page. The CRC at the end of the memory 
page is always the result of clearing the CRC generator 
and shifting in the data bytes beginning at the first 
addressed memory location of the EPROM data page 
until the last byte of this page. The CRC received by the 
bus master directly following the Redirection Byte, is 
calculated in two different ways. With the initial pass 
through the Extended Read Memory flow chart the 
1 6-bit CRC value is the result of shifting the command 
byte into the cleared CRC generator, followed by the two 
address bytes and the Redirection Byte. Subsequent 
passes through the Extended Read Memory flow chart 
,will generate a 1 6-bit CRC that is the result of clearing 
the CRC generator and then shifting in the Redirection 
Byte only. 

After the 1 6-bit CRC of the last page is read, the bus 
master will receive logical 1s from the DS1985 until a 
Reset Pulse is issued. The Extended Read Memory 
command sequence can be ended at any point by issu- 
ing a Reset Pulse. 
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WRITE MEMORY [OFH] 

The Write Memory command is used to program the 
1 6384-bit EPROM data field. The bus master will follow 
the command byte with a two byte starting address 
(TA1=(T7:T0), TA2=(T15:T8)) and a byte of data 
(D7:D0). A 16-bit CRC of the command byte, address 
bytes, and data byte is computed by the DS1985 and 
read back by the bus master to confirm that the correct 
command word, starting address, and data byte were 
received. 

The highest starting address within the DS1985 is 
07FFH. If the bus master sends a starting address 
higher than this, the five most significant address bits 
are set to zero by the internal circuitry of the chip. This 
will result in a mismatch between the CRC calculated by 
the DS1 985 and the CRC calculated by the bus master, 
indicating an error condition. 

If the CRC read by the bus master is incorrect, a Reset 
Pulse must be issued and the entire sequence must be 
repeated. If the CRC received by the bus master is cor- 
rect, a programming pulse (12 volts on the 1-Wire bus 
for 480 us) is issued by the bus master. Priorto program- 
ming, the entire unprogrammed 16384-bit EPROM 
data field will appear as logical 1 s. For each bit in the 
data byte provided by the bus master that is set to a log- 
ical 0, the corresponding bit in the selected byte of the 
16384-bit EPROM will be programmed to a logical 
after the programming pulse has been applied at that 
byte location. 

After the 480 us programming pulse is applied and the 
data line returns to the idle level, the bus master issues 
eight read time slots to verify that the appropriate bits 
have been programmed. The DS1985 responds with 
the data from the selected EPROM address sent least 
significant bit first. This byte contains the logical AND of 
all bytes written to this EPROM data address. If the 
EPROM data byte contains 1 s in bit positions where the 
byte issued by the master contained Os, a Reset Pulse 
should be issued and the current byte address should 
be programmed again. If the DS1 985 EPROM data byte 
contains Os in the same bit positions as the data byte, 
the programming was successful and the DS1985 will 
automatically increment its address counter to select 
the next byte in the 16384-bit EPROM data field. The 
new two-byte address will also be loaded into the 1 6-bit 
CRC generator as a starting value. The bus master will 
issue the next byte of data using eight write time slots. 



As the DS1985 receives this byte of data into the 
scratchpad, it also shifts the data into the CRC genera- 
tor that has been preloaded with the current address 
and the result is a 1 6-bit CRC of the new data byte and 
the new address. After supplying the data byte, the bus 
master will read this 1 6-bit CRC from the DS1 985 with 
sixteen read time slots to confirm that the address 
incremented properly and the data byte was received 
correctly. If the CRC is incorrect, a Reset Pulse must be 
issued and the Write Memory command sequence must 
be restarted. If the CRC is correct, the bus master will 
issue a programming pulse and the selected byte in 
memory will be programmed. 

Note that the initial pass through the Write Memory flow 
chart will generate a 1 6-bit CRC value that is the result 
of shifting the command byte into the CRC generator, 
followed by the two address bytes, and finally the data 
byte. Subsequent passes through the Write Memory 
flow chart due to the DS1985 automatically increment- 
ing its address counter will generate a 1 6-bit CRC that 
is the result of loading (not shifting) the new (increm- 
ented) address into the CRC generator and then shifting 
in the new data byte. 

For both of these cases, the decision to continue (to 
apply a program pulse to the DS1 985) is made entirely 
by the bus master, since the DS1 985 will not be able to 
determine if the 1 6-bit CRC calculated by the bus mas- 
ter agrees with the 16-bit CRC calculated by the 
DS1 985. If an incorrect CRC is ignored and a program 
pulse is applied by the bus master, incorrect program- 
ming could occur within the DS1 985. Also note that the 
DS1985 will always increment its internal address 
counter after the receipt of the eight read time slots used 
to confirm the programming of the selected EPROM 
byte. The decision to continue is again made entirely by 
the bus master, therefore if the EPROM data byte does 
not match the supplied data byte but the master contin- 
ues with the Write Memory command, incorrect pro- 
gramming could occur within the DS1 985. The Write 
Memory command sequence can be ended at any point 
by issuing a Reset Pulse. 

To save time when writing more than one consecutive 
byte of the DS1 985's data memory it is possible to omit 
reading the 16-bit CRC which allows verification of data 
and address before the data is copied to the EPROM 
memory. This saves 16 time slots or 976 us for every 
byte to be programmed. This speed-programming 
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mode is accessed with the command code F3H instead 
of OFH. It follows basically the same flow chart as the 
Write Memory command, but skips sending the CRC 
immediately preceding the program pulse. This com- 
mand should only be used if the electrical contact 
between bus master and the DS1985 is firm since a 
poor contact may result in corrupted data inside the 
EPROM memory. 

WRITE STATUS [55H] 

The Write Status command is used to program the 
EPROM Status data field. The bus master will follow the 
command byte with a two byte starting address 
(TA1 =(T7:T0), TA2=(T1 5:T8)) and a byte of status data 
(D7:D0). A 16-bit CRC of the command byte, address 
bytes, and data byte is computed by the DS1985 and 
read back by the bus master to confirm that the correct 
command word, starting address, and data byte were 
received. 

If the CRC read by the bus master is incorrect, a Reset 
Pulse must be issued and the entire sequence must be 
repeated. If the CRC received by the bus master is cor- 
rect, a programming pulse (12 volts on the 1-Wire bus 
for 480 (xs) is issued by the bus master. Priorto program- 
ming, the EPROM Status data field will appear as logical 
1 s. For each bit in the data byte provided by the bus 
master that is set to a logical 0, the corresponding bit in 
the selected byte of the EPROM Status data field will be 
programmed to a logical after the programming pulse 
has been applied at that byte location. 

After the 480 us programming pulse is applied and the 
data line returns to the idle level, the bus master issues 
eight read time slots to verify that the appropriate bits 
have been programmed. The DS1985 responds with 
the data from the selected EPROM Status address sent 
least significant bit first. This byte contains the logical 
AND of all bytes written to this EPROM Status Byte 
address. If the EPROM Status Byte contains 1s in bit 
positions where the byte issued by the master contained 
Os, a Reset Pulse should be issued and the current byte 
address should be programmed again. If the DS1985 
EPROM Status byte contains Os in the same bit posi- 
tions as the data byte, the programming was successful 
and the DS1 985 will automatically increment its address 
counter to select the next byte in the EPROM Status 
data field. The new two— byte address will also be loaded 
into the 1 6-bit CRC generator as a starting value. The 
bus master will issue the next byte of data using eight 
write time slots. 



As the DS1985 receives this byte of data into the 
scratchpad, it also shifts the data into the CRC genera- 
tor that has been preloaded with the current address 
and the result is a 1 6-bit CRC of the new data byte and 
the new address. After supplying the data byte, the bus 
master will read this 1 6-bit CRC from the DS1 985 with 
sixteen read time slots to confirm that the address 
incremented properly and the data byte was received 
correctly. If the CRC is incorrect, a Reset Pulse must be 
issued and the Write Status command sequence must 
be restarted. If the CRC is correct, the bus master will 
issue a programming pulse and the selected byte in 
memory will be programmed. 

Note that the initial pass through the Write Status flow 
chart will generate a 1 6-bit CRC value that is the result 
of shifting the command byte into the CRC generator, 
followed by the two address bytes, and finally the data 
byte. Subsequent passes through the Write Status flow 
chart due to the DS1 985 automatically incrementing its 
address counter will generate a 1 6-bit CRC that is the 
result of loading (not shifting) the new (incremented) 
address into the CRC generator and then shifting in the 
new data byte. 

For both of these cases, the decision to continue (to 
apply a program pulse to the DS1985) is made entirely 
by the bus master, since the DS1 985 will not be able to 
determine if the 16-bit CRC calculated by the bus mas- 
ter agrees with the 16-bit CRC calculated by the 
DS1985. If an incorrect CRC is ignored and a program 
pulse is applied by the bus master, incorrect program- 
ming could occur within the DS1 985. Also note that the 
DS1985 will always increment its internal address 
counter after the receipt of the eight read time slots used 
to confirm the programming of the selected EPROM 
byte. The decision to continue is again made entirely by 
the bus master, therefore if the EPROM data byte does 
not match the supplied data byte but the master contin- 
ues with the Write Status command, incorrect program- 
ming could occur within the DS1 985. The Write Status 
command sequence can be ended at any point by issu- 
ing a Reset Pulse. 

To save time when writing more than one consecutive 
byte of the DS1 985's status memory it is possible to omit 
reading the 1 6-bit CRC which allows verification of data 
and address before the data is copied to the EPROM 
memory. This saves 1 6 time slots or 976 us for every 
byte to be programmed. This speed-programming 
mode is accessed with the command code F5H instead 
of 55H. It follows basically the same flow chart as the 
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Write Status command, but skips sending the CRC 
immediately preceding the program pulse. This com- 
mand should only be used if the electrical contact 
between bus master and the DS1 985 is firm since a 
poor contact may result in corrupted data inside the 
EPROM status memory. 

1-WIRE BUS SYSTEM 

The 1 -Wire bus is a system which has a single bus mas- 
ter and one or more slaves. In all instances, the DS1 985 
is a slave device. The bus master is typically a micro- 
controller. The discussion of this bus system is broken 
down into three topics: hardware configuration, transac- 
tion sequence, and 1-Wire signalling (signal type and 
timing). A 1-Wire protocol defines bus transactions in 
terms of the bus state during specified time slots that are 
initiated on the falling edge of sync pulses from the bus 
master. For a more detailed protocol description, referto 
Chapter 4 of the Book of DS1 9xx Touch Memory Stan- 
dards. 

Hardware Configuration 

The 1-Wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 
at the appropriate time. To facilitate this, each device 
attached to the 1-Wire bus must have an open drain 
connection or 3-state outputs. The DS1 985 is an open 
drain part with an internal circuit equivalent to that 
shown in Figure 6. The bus master can be the same 
equivalent circuit. If a bidirectional pin is not available, 
separate output and input pins can be tied together. 

The bus master requires a pull-up resistor at the master 
end of the bus, with the bus master circuit equivalent to 
the one shown in Figures 7a and 7b. The value of the 
pull-up resistor should be approximately 5 kQ for short 
line lengths. 

A multidrop bus consists of a 1-Wire bus with multiple 
slaves attached. The 1-Wire bus has a maximum data 
rate of 1 6.3k bits per second. If the bus master is also 
required to perform programming of the EPROM por- 
tions of the DS1985, a programming supply capable of 



delivering up to 10 milliamps at 12 volts for 480 us is 
required. The idle state for the 1-Wire bus is high. If, for 
any reason, a transaction needs to be suspended, the 
bus MUST be left in the idle state if the transaction is to 
resume. If this does not occur and the bus is left low for 
more than 1 20 us, one or more of the devices on the bus 
may be reset. 

Transaction Sequence 

The sequence for accessing the DS1 985 via the 1 -Wire 
port is as follows: 

• Initialization 

• ROM Function Command 

• Memory Function Command 

• Read/Write Memory/Status 

INITIALIZATION 

All transactions on the 1-Wire bus begin with an initial- 
ization sequence. The initialization sequence consists 
of a reset pulse transmitted by the bus master followed 
by a presence pulse(s) transmitted by the slave(s). 

The presence pulse lets the bus master know that the 
DS1 985 is on the bus and is ready to operate. For more 
details, see the "1-Wire Signalling" section. 

ROM FUNCTION COMMANDS 

Once the bus master has detected a presence, it can 
issue one of the four ROM function commands. All ROM 
function commands are eight bits long. A list of these 
commands follows (referto flowchart in Figure 8): 

Read ROM [33H] 

This command allows the bus master to read the 
DS1985's 8-bit family code, unique 48-bit serial num- 
ber, and 8-bit CRC. This command can be used only if 
there is a single DS1985 on the bus. If more than one 
slave is present on the bus, a data collision will occur 
when all slaves try to transmit at the same time (open 
drain will produce a wired-AND result). 
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DS1985 EQUIVALENT CIRCUIT Figure 6 



Tx 



-t* Data 



100Q f 
MOSFET 



V 



BUS MASTER CIRCUIT Figure 7 
A) Open Drain 



VP0300L 



VP0106N3 
OR 
D BSS110 



Capacitor added to reduce 
coupling on data line due to 
— I programming signal switching 




To data connection 
of DS1985 



97 



DS1985 



ROM FUNCTIONS FLOW CHART Figure 8 
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Match ROM [55H] 

The match ROM command, followed by a 64-bit ROM 
sequence, allows the bus master to address a specific 
DS1985 on a multidrop bus. Only the DS1985 that 
exactly matches the 64-bit ROM sequence will respond 
to the subsequent memory function command. All 
slaves that do not match the 64-bit ROM sequence will 
wait for a reset pulse. This command can be used with a 
single or multiple devices on the bus. 

Skip ROM [CCH] 

This command can save time in a single drop bus sys- 
tem by allowing the bus master to access the memory 
functions without providing the 64-bit ROM code. If 
more than one slave is present on the bus and a read 
command is issued following the Skip ROM command, 
data collision will occur on the bus as multiple slaves 
transmit simultaneously (open drain pull-downs will 
produce a wired-AND result). 

Search ROM [FOH] 

When a system is initially brought up, the bus master 
might not know the number of devices on the 1-Wire 
bus or their 64-bit ROM codes. The search ROM com- 
mand allows the bus masterto use a process of elimina- 
tion to identify the 64-bit ROM codes of all slave devices 
on the bus. The ROM search process is the repetition of 
a simple 3-step routine: read a bit, read the complement 
of the bit, then write the desired value of that bit. The bus 
master performs this simple, 3-step routine on each bit 
of the ROM. After one complete pass, the bus master 
knows the contents of the ROM in one device. The 
remaining number of devices and their ROM codes may 
be identified by additional passes. See Chapter 5 of the 
Book of DS19xx Touch Memory Standards for a com- 
prehensive discussion of a ROM search, including an 
actual example. 

1-Wire Signalling 

The DS1985 requires strict protocols to insure data 
integrity. The protocol consists of five types of signalling 
on one line: Reset Sequence with Reset Pulse and 
Presence Pulse, Write 0, Write 1 , Read Data and Pro- 
gram Pulse. All these signals except presence pulse are 
initiated by the bus master. The initialization sequence 



required to begin any communication with the DS1985 
is shown in Figure 9. A reset pulse followed by a pres- 
ence pulse indicates the DS1985 is ready to accept a 
ROM command. The bus master transmits (TX) a reset 
pulse (tRSTL. minimum 480 \is). The bus master then 
releases the line and goes into receive mode (RX). The 
1 -Wire bus is pulled to a high state via the pull-up resis- 
tor. After detecting the rising edge on the data pin, the 
DS1985 waits (t PDH , 15-60 fiS) and then transmits the 
presence pulse (t PDL , 60-240 us). 



Read/Write Time Slots 

The definitions of write and read time slots are illustrated 
in Figure 1 0. All time slots are initiated by the master 
driving the data line low. The falling edge of the data line 
synchronizes the DS1 985 to the master by triggering a 
delay circuit in the DS1985. During write time slots, the 
delay circuit determines when the DS1 985 will sample 
the data line. For a read data time slot, if a "0" is to be 
transmitted, the delay circuit determines how long the 
DS1 985 will hold the data line low overriding the 1 gen- 
erated by the master. If the data bit is a "1", the Touch 



PROGRAM PULSE 

To copy data from the 8-bit scratchpad to the EPROM 
Data or Status Memory, a program pulse of 1 2 volts is 
applied to the data line after the bus master has con- 
firmed that the CRC for the current byte is correct. Dur- 
ing programming, the bus master controls the transition 
from a state where the data line is idling high via the 
pull-up resistor to a state where the data line is actively 
driven to a programming voltage of 1 2 volts providing a 
minimum of 10 mA of current to the DS1985. This pro- 
gramming voltage (Figure 1 1 ) should be applied for 480 
us, after which the bus master returns the data line to an 
idle high state controlled by the pull-up resistor. Note 
that due to the high voltage programming requirements 
for any 1 -Wire EPROM device, it is not possible to mul- 
ti-drop non-EPROM based 1-Wire devices with the 
DS1985 during programming. An internal diode within 
the non-EPROM based 1-Wire devices will attempt to 
clamp the data line at approximately 8 volts and could 
potentially damage these devices. 
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INITIALIZATION PROCEDURE "RESET AND PRESENCE PULSES" Figure 9 
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READ/WRITE TIMING DIAGRAM (cont'd) Figure 10 
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CRC GENERATION 

With the DS1 985 there are two different types of CRCs 
(Cyclic Redundancy Checks). One CRC is a 8-bit type 
and is stored in the most significant byte of the 64-bit 
ROM. The bus master can compute a CRC value from 
the first 56 bits of the 64-bit ROM and compare it to the 
value stored within the DS1 985 to determine if the ROM 
data has been received error-free by the bus master. 
The equivalent polynomial function of this CRC is: X 8 + 
X 5 + X 4 + 1 . This 8-bit CRC is received in the true (non- 
inverted) form when reading the ROM of the DS1 985. It 
is computed once at the factory and lasered into the 
ROM. 

The other CRC is a 1 6-bit type, generated according to 
the standardized CRC1 6-polynomial function X 1 6 + X 1 5 
+ X 2 + 1 . This CRC is used to safeguard user-defined 
EPROM data when reading data memory or status 
memory. It is the same type of CRC as is used with 
NVRAM based Touch Memories to safeguard data 
packets of the Touch Memory File Structure. In contrast 
to the 8-bit CRC, the 16-bit CRC is always returned in 
the complemented (inverted) form. A CRC-generator 
inside the DS1 985 chip (Figure 1 2) will calculate a new 
16-bit CRC at every situation shown in the command 
flow chart of Figure 5. 

The DS1 985 provides this CRC-value to the bus mas- 
ter to validate the transfer of command, address, and 
data to and from the bus master. When reading the data 
memory of the DS1985 with the Read Memory com- 
mand, the 1 6-bit CRC is only transmitted as the end of 
the memory is reached. This CRC is generated by clear- 
ing the CRC generator, shifting in the command, low 
address, high address and every data byte starting at 
the first addressed memory location and continuing until 
the end of the implemented data memory is reached. 

When reading the status memory with the Read Status 
command, the 16-bit CRC is transmitted when the end 
of each 8-byte page of the status memory is reached . At 
the initial pass through the Read Status flow chart the 
1 6-bit CRC will be generated by clearing the CRC gen- 
erator, shifting in the command byte, low address, high 
address and the data bytes beginning at the first 
addressed memory location and continuing until the last 
byte of the addressed EPROM Status data page is 
reached. Subsequent passes through the Read Status 
flow chart will generate a 1 6-bit CRC that is the result of 



clearing the CRC generator and then shifting in the new 
data bytes starting at the first byte of the next page of the 
EPROM Status data field and continuing until the last 
byte of the page is reached. 

When reading the data memory of the DS1985 with the 
Extended Read Memory command, there are two situa- 
tions where a 16-bit CRC is transmitted. One 16-bit 
CRC follows each Redirection Byte, another 16-bit 
CRC is received after the last byte of a memory data 
page is read. The CRC at the end of the memory page is 
always the result of clearing the CRC generator and 
shifting in the data bytes beginning at thef irst addressed 
memory location of the EPROM data page until the last 
byte of this page. The CRC received by the bus master 
directly following the Redirection Byte, is calculated in 
two different ways. With the initial pass through the 
Extended Read Memory flow chart the 16-bit CRC 
value is the result of shifting the command byte into the 
cleared CRC generator, followed by the two address 
bytes and the Redirection Byte. Subsequent passes 
through the Extended Read Memory flow chart will gen- 
erate a 1 6-bit CRC that is the result of clearing the CRC 
generator and then shifting in the Redirection Byte only. 

When writing to the DS1 985 (either data memory or sta- 
tus memory), the bus master receives a 16-bit CRC to 
verify the correctness of the data transfer before apply- 
ing the programming pulse. With the initial pass through 
the Write Memory/Status flow chart the 1 6-bit CRC will 
be generated by clearing the CRC-generator, shifting in 
the command, address low, address high and the data 
byte. Subsequent passes through the Write Memory/ 
Statusf low chart due to the DS1 985 automatically incre- 
menting its address counter will generate an 16-bit 
CRC that is the result of loading (not shifting) the new 
(incremented) address into the CRC generator and then 
shifting in the new data byte. 

The comparison of CRC values and decision to con- 
tinue with an operation are determined entirely by the 
bus master. There is no circuitry on the DS1 985 that pre- 
vents a command sequence from proceeding if the CRC 
stored in or calculated by the DS1985 does not match 
the value generated by the bus master. For more details 
on generating CRC values including example imple- 
mentations in both hardware and software, see the 
Book of DS19xx Touch Memory Standards. 
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CRC-16 HARDWARE DESCRIPTION AND POLYNOMIAL 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground -0.5V to +1 2.0V 

Operating Temperature -40°C to +85°C 

Storage Temperature -55°C to +1 25°C 



* This is a stress rating only and functional operation of the device at these or any other conditions outside 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 
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US 




Write 1 Low Time 


*LOW1 


1 




15 


US 




Write Low Time 


t|_owo 


60 




120 


US 




Read Data Valid 


tRDV 


exactly 1 5 


(XS 




Release Time 


(release 





15 


45 


)1S 




Read Data Setup 


*SU 






1 


US 


5 


Recovery Time 


tREC 


1 






|XS 




Reset Time High 


l RSTH 


480 






us 


4 


Reset Time Low 


tRSTL 


480 






US 




Presence Detect High 


tpDHIGH 


15 




60 


|XS 




Presence Detect Low 


tpDLOW 


60 




240 


US 




Delay to Program 


*DP 


5 






US 


10 


Delay to Verify 


bv 


5 






US 


10 


Program Pulse Width 


t PP 


480 






US 


10 


Program Voltage Rise Time 


tRP 


5 






US 


10 


Program Voltage Fall Time 


tFP 


5 






US 


10 
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NOTES: 

1 . All voltages are referenced to ground. 



2. Vpup = external pull-up voltage. 

3. Input load is to ground. 

4. An additional reset or communication sequence cannot begin until the reset high time has expired. 

5. Read data setup time refers to the time the host must pull the 1-Wire bus low to read a bit. Data is guaran- 
teed to be valid within 1 us of this falling edge and will remain valid for 14 \is minimum. (15 yis total from fal- 
ling edge on 1-Wire bus.) 

6. Vih is a function of the external pull-up resistor and the Vcc supply. 



7. 30 nanocoulombs per 72 time slots @ 5.0V. 

8. At V C c=5.0V with a 5 kQ pullup to V cc and a maximum 



time slot OM20M* 

nee on the data pin could be 800 pF when power is first applied. If a 5 kQ resistor is used to pull up 
the data line to V C c. 5 us after power has been applied the parasite capacitance will not affect normal com- 
munications. 



10. Maximum 1-Wire voltage for programming parameters i 

■ 



/; temperature range is -20°C to +50°C. 
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PRELIMINARY 



DALLAS 

SEMICONDUCTOR 



DS1986 

64Kbit Add-Only Touch Memory 



SPECIAL FEATURES 

• 65536-bits Electrically Programmable Read Only 
Memory (EPROM) communicates with the economy 
of one signal plus ground 

• EPROM partitioned into two hundred and fifty-six 
256-bit pages for randomly accessing packetized 
data records 

• Each memory page can be permanently write-pro- 
tected to prevent tampering 

• Device is an "add only" memory where additional data 
can be programmed into EPROM without disturbing 
existing data 

• Architecture allows software to patch data by super- 
seding an old page in favor of a newly programmed 
page 

• Reduces control, address, data, power, and program- 
ming signals to a single data pin 

• 8-bit family code specifies DS1986 communications 
requirements to reader 

• Reads over a wide voltage range of 2.8V to 6.0V from 
-40°C to +85°C; programs at 11.5V ± 0.5V from 
-20°C to +50°C 

COMMON TOUCH MEMORY FEATURES 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Multidrop controller for MicroLAN™ 

• Digital identification and information by momentary 
contact 



F3 MICROCAN™ 

i. k- 



0.3&*- 



3.10 



DATA * 

GROUND 




• Chip-based data carrier compactly stores information 

• Data can be accessed while affixed to object 

• Economically communicates to bus master with a 
single digital signal at 1 6.3k bits per second 

• Standard 16 mm diameter and 1-Wire protocol 
ensure compatibility with Touch Memory family 

• Button shape is self-aligning with cup-shaped 
probes 

• Durable stainless steel case engraved with registra- 
tion number withstands harsh environments 

• Easily affixed with self-stick adhesive backing, 
latched by its flange, or locked with a ring pressed 
onto its rim 

• Presence detector acknowledges when reader first 
applies voltage 

• Meets UL#913 (4th Edit.); Intrinsically Safe Appara- 
tus, Approved under Entity Concept for use in Class 
I, Division 1 , Group A, B, C and D Locations (applica- 
tion pending) 

ORDERING INFORMATION 

DS1986-F3 F3MicroCan 
DS1986-F5 F5MicroCan 

SILICON LABEL™ DESCRIPTION 

The DS1 986 Add-Only Touch Memory Button™ oper- 
ates nearly identically to the DS1 985. The main differ- 
ences are: 64K bit of memory organized as 256 pages of 
32 bytes and a family code of OF hexadecimal. For fur- 
ther details please refer to the DS1 985 data sheet. 

F5 MICROCAN™ 

— H 5.89 W~ 

0.36-*- N*tJ . „„ 

0.51 



17.35 



DATA * 

All dimensions shown in millimeters. ground 
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DS1920 



PRELIMINARY 



DALLAS 



DS1920 

Touch Thermometer 




SPECIAL FEATURES 

• Digital thermometer measures temperatures from 
-55°C to +100°C in typically 1 second 

• Accuracy ±0.5°C within 0°C to +70°C, no calibration 
or reference required 

• Zero standby power 

• 0.5°C resolution, digital temperature reading is two's 
complement of °C value 

• Access to internal counters allows increased resolu- 
tion through interpolation 

• Reduces control, address, data, and powerto a single 
data contact 

• 8-bit device-generated CRC for data integrity 

• 8-bit family code specifies DS1920 communications 
requirements to reader 

• Special command set allows user to skip ROM sec- 
tion and do temperature measurements simulta- 
neously for all devices on the bus 

• Two bytes of EEPROM to be used either as alarm trig- 
gers or user memory 

• Alarm search directly indicates which device senses 
alarming temperatures 

COMMON TOUCH MEMORY FEATURES 

• Unique, factory-lasered and tested 64-bit registra- 
tion number {8— bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Multidrop controller for MicroLAN™ 

• Digital identification and information by momentary 
contact 

• Chip-based data carrier compactly stores informa- 
tion 

• Data can be accessed while affixed to object 

• Economically communicates to bus master with a 
single digital signal at 16.3k bits per second 

• Standard 16 mm diameter and 1-Wire protocol 
ensure compatibility with Touch Memory family 



• Button shape is self-aligning with cup-shaped 
probes 

• Durable stainless steel case engraved with registra- 
tion number withstands harsh environments 

• Easily affixed with self-stick adhesive backing, 
latched by its flange, or locked with a ring pressed 
onto its rim 

• Presence detector acknowledges when reader first 
applies voltage 

• Meets UL#913 (4th Edit.); Intrinsically Safe Appara- 
tus, Approved under Entity Concept for use in Class 
I, Division 1 , Group A, B, C and D Locations (applica- 
tion pending) 

F3 MICROCAN™ 



0.36-»- 



DATA 




GROUND 

F5 MICROCAN™ 

0.36* ~^ ^ 



DATA 




GROUND 



> are shown in millimeters. 
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EXAMPLES OF ACCESSORIES 

DS9096P Self-Stick Adhesive Pad 

DS91 01 Multi-Purpose Clip 

DS9093RA Mounting Lock Ring 

DS9093F Snap-In Fob 

DS9092 Touch Memory Probe 



SILICON LABEL™ DESCRIPTION 

The DS1920 Touch Thermometer™ provides 9-bit 
temperature readings which indicate the temperature of 
the device. 

Information is sent to/from the DS1920 over a 1-Wire 
interface. Power for reading, writing, and performing 
temperature conversions is derived from the data line 
itself. Because each DS1 920 contains a unique silicon 
serial number, multiple DS1 920s can exist on the same 
1-Wire bus. This allows for placing temperature sen- 
sors in many different places. Applications where this 
feature is useful include HVAC environmental controls, 
sensing temperatures inside buildings, equipment or 
machinery, and in process monitoring and control. 

OVERVIEW 

The block diagram of Figure 1 shows the major compo- 
nents of the DS1920. The DS1920 has three main data 
components: 1) 64-bit lasered ROM, 2) temperature 
sensor, and 3) nonvolatile temperature alarm triggers 
TH and TL. The device derives its power from the 
1-Wire communication line by storing energy on an 



source during the low times of the 1-Wire line until it 

Communication to the DS1 920 is via a 1-Wire port. With 
the 1-Wire port, the memory and control functions will 
not be available before the ROM function protocol has 
been established. The master must first provide one of 
five ROM function commands: 1 ) Read ROM, 2) Match 
ROM, 3) Search ROM, 4) Skip ROM, or 5) Alarm 
Search. These commands operate on the 64-bit 
lasered ROM portion of each device and can single out 
a specific device if many are present on the 1-Wire line 
as well as indicate to the bus master how many and 
what types of devices are present. After a ROM function 
sequence has been successfully executed, the memory 
and control functions are accessible and the master 
may then provide any one of the five memory and con- 
trol function commands. 

One control function command instructs the DS1920 to 
perform a temperature measurement. The result of this 
measurement will be placed in the DS1920's scratch- 
pad memory, and may be read by issuing a memory 
function command which reads the contents of the 
scratchpad memory. The temperature alarm triggers 
TH and TL consist of one byte of EEPROM each. If the 
alarm search command is not applied to the DS1920, 
these registers may be used as general purpose user 
memory. Writing TH and TL is done using a memory 
function command. Read access to these registers is 
through the scratchpad. All 
least significant bit first. 



DS1920 BLOCK DIAGRAM Figure 1 



DO • 



I 



INTERNAL V DD 



64-BIT ROM 

AND 
1-WIRE PORT 



MEMORY AND 
CONTROL LOGIC 





SCRATCHPAD 



TEMPERATURE SENSOR 



HIGH TEMPERATURE 
TRIGGER, TH 



LOW TEMPERATURE 
TRIGGER, TL 
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PARASITE POWER 

The block diagram (Figure 1) shows the parasite pow- 
ered circuitry. This circuitry "steals" power whenever the 
data contact is high. Data will provide sufficient power 
as long as the specified timing and voltage require- 
ments are met (see the section titled "1-Wire Bus Sys- 
tem"). The advantage of parasite power is that no local 
power source is needed for remote sensing of tempera- 
ture. 

In order for the DS1 920 to be able to perform accurate 
temperature conversions, sufficient power must be pro- 
vided over the data line when a temperature conversion 



is taking place. The DS1920 requires a current during 
conversion of up to 1 mA, therefore, the data line will not 
have sufficient drive due to the 5 kQ pullup resistor. This 
problem is particularly acute if several DS1 920's are on 
the same data line and attempting to convert simulta- 
neously. 

The way to assure that the DS1 920 has sufficient supply 
current is to provide a strong pullup on the data line 
whenever temperature conversion is taking place. This 
may be accomplished by using a MOSFET to connect 
the data line directly to the power supply as shown in 



STRONG PULL-UP FOR SUPPLYING DS1920 DURING TEMPERATURE CONVERSION Figure 2 




5k£2 



DS1920 



t— C 



GND 



DATA 



OPERATION - MEASURING TEMPERATURE 

The DS 1 920 measures temperatures through the use of 
an on-board proprietary temperature measurement 
technique. A block diagram of the temperature mea- 
surement circuitry is shown in Figure 3. 

The DS1920 measures temperature by counting the 
number of clock cycles that an oscillator with a low tem- 
perature coefficient goes through during a gate period 
determined by a high temperature coefficient oscillator. 
The counter is preset with a base count that corre- 
sponds to -55°C. If the counter reaches zero before the 
gate period is over, the temperature register, which is 
also preset to the -55°C value, is incremented, indicat- 
ing that the temperature is higher than -55°C. 

At the same time, the counter is then preset with a value 
determined by the slope accumulator circuitry. The 
counter is then clocked again until it reaches zero. If the 
gate period is still not finished, then this process 
repeats. 



The slope accumulator compensates for the non-linear 
behavior of the oscillators over temperature, yielding a 
high resolution temperature measurement. This is done 
by changing the number of counts necessary for the 
counter to go through for each incremental degree in 
temperature. To obtain the desired resolution, therefore, 
both the value of the counter and the number of counts 
per degree C (the value of the slope accumulator) at a 
given temperature must be known. 

Internally, this calculation is done inside the DS1 920 to 
provide 0.5°C resolution. The temperature reading is 
provided in a 1 6-bit, sign-extended two's complement 
reading. Table 1 describes the exact relationship of out- 
put data to measured temperature. The data is trans- 
mitted serially over the 1-Wire interface. The DS1920 
can measure temperature over the range of -55°C to 
+100°C in 0.5°C increments. For Fahrenheit usage, a 
lookup table or conversion factor must be used. 
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Note that temperature is represented in the DS1 920 in 
terms of a 1 /2°C LSB, yielding the following 9-bit format: 



MSB 



LSB 



1 


1 







I 1 


1 




1 


1 

I 




I < 



= -25°C 

The most significant (sign) bit is duplicated into all of the 
bits in the upper MSB of the two-byte temperature reg- 
ister in memory. This "sign-extension" yields the 1 6-bit 
temperature readings as shown in Table 1. 

TEMPERATURE MEASURING CIRCUITRY Figure 



Higher resolutions may be obtained by the following 
procedure. First, read the temperature, and truncate 
the 0.5°C bit (the LSB) from the read value. This value is 
TEMP_READ. The value left in the counter may then be 
read. This value is the count remaining 
(COUNT_REMAIN) after the gate period has ceased. 
The last value needed is the number of counts per 
degree C (COUNT_PER_C) at that temperature. The 
actual temperature may be then be calculated by the 
user using the following formula: 

TEMPERATURE = TEMP READ-0,5 4 "^Z^ 



3 



SLOPE ACCUMULATOR 



PRESET 



LOW TEMPERATURE 
COEFFICIENT OSCILLATOR 



COMPARE 



_rui_ 



PRESET 



=0 



INC 



SET/CLEAR 
LSB 



TEMPERATURE REGISTER 



HIGH TEMPERATURE 
COEFFICIENT OSCILLATOR 




COUNTER 





TEMPERATURE/DATA RELATIONSHIPS Table 1 



TEMPERATURE 


DIGITAL OUTPUT 
(Binary) 


DIGITAL OUTPUT 
(Hex) 


+100°C 


00000000 11001000 


00C8H 


+25°C 


00000000 00110010 


0032H 




+Vc 


00000000 00000001 


0001 H 


+o°c 


00000000 00000000 


0000H 


- 1 / 2 °c 


11111111 11111111 


FFFFH 


-25°C 


11111111 11001110 


FFCEH 


-55°C 


11111111 10010010 


FF92H 
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OPERATION - ALARM SIGNALLING 

Afterthe DS1 920 has performed a temperature conver- 
sion, the temperature value is compared to the trigger 
values stored in TH and TL. Since these registers are 8 
bits only, the 0.5°C bit is ignored for comparison. The 
most significant bit of TH or TL directly corresponds to 
the sign bit of the 1 6-bit temperature register. If the 
result of a temperature measurement is higher than TH 
or lower than TL, an alarm flag inside the device is set. 
This flag is updated with every temperature measure- 
ment. As long as the alarm flag is set, the DS1 920 will 
respond to the alarm search command. This allows 
many DS1 920s to be connected in parallel doing simul- 
taneous temperature measurements. If somewhere the 
temperature exceeds the limits, the alarming device(s) 
can be identified and read immediately without having to 
read non-alarming devices. 

64-BIT LASERED ROM 

Each DS1920 contains a unique ROM code that is 64 
bits long. The first eight bits are a 1-Wire family code 
(DS1920 code is 10h). The next 48 bits are a unique 
serial number. The last eight bits are a CRC of the first 
56 bits. (See Figure 4.) The 64-bit ROM and ROM 
Function Control section allow the DS1920 to operate 
as a 1-Wire device and follow the 1-Wire protocol 
detailed in the section "1-Wire Bus System". The 
memory and control functions of the DS1920 are not 
accessible until the ROM function protocol has been 
satisfied. This protocol is described in the ROM function 
protocol flowchart (Figure 5). The 1-Wire bus master 
must first provide one of five ROM function commands: 
1) Read ROM, 2) Match ROM, 3) Search ROM, 4) Skip 
ROM, or 5) Alarm Search. After a ROM function 
sequence has been successfully executed, the func- 
tions specific to the DS1 920 are accessible and the bus 
master may then provide any one of the five memory 
and control function commands. 

CRC GENERATION 

The DS1 920 has an 8-bit CRC stored in the most signif- 
icant byte of the 64-bit ROM. The bus master can com- 

64-BIT LASERED ROM Figure 4 



pute a CRC value from the first 56 bits of the 64-bit ROM 
and compare it to the value stored within the DS1 920 to 
determine if the ROM data has been received error-free 
by the bus master. The equivalent polynomial function 
of this CRC is: 

CRC = X 8 + X 5 + X 4 + 1 

The DS1 920 also generates an 8-bit CRC value using 
the same polynomial function shown above and pro- 
vides this value to the bus master to validate the transfer 
of data bytes. In each case where a CRC is used for data 
transfer validation, the bus master must calculate a 
CRC value using the polynomial function given above 
and compare the calculated value to either the 8-bit 
CRC value stored in the 64-bit ROM portion of the 
DS1 920 (for ROM reads) or the 8-bit CRC value com- 
puted within the DS1920 (which is read as a ninth byte 
when the scratchpad is read). The comparison of CRC 
values and decision to continue with an operation are 
determined entirely by the bus master. There is no cir- 
cuitry inside the DS1920 that prevents a command 
sequence from proceeding if the CRC stored in or calcu- 
lated by the DS1920 does not match the value gener- 
ated by the bus master. 

The 1-Wire CRC can be generated using a polynomial 
generator consisting of a shift register and XOR gates 
as shown in Figure 6. Additional information about the 
Dallas 1-Wire Cyclic Redundancy Check is available in 
the Book of DS1 9xx Touch Memory Standards. 

The shift register bits are first initialized to zero. For the 
ROM section, starting with the least significant bit of the 
family code, one bit at a time is shifted in. Afterthe 8th bit 
of the family code has been entered, then the serial 
number is entered. Afterthe 48th bit of the serial number 
has been entered, the shift register contains the CRC 
value. Shifting in the eight bits of CRC should return the 
shift register to all zeros. 




8-BIT CRC CODE 



48-BIT SERIAL NUMBER 



8-BIT FAMILY CODE (10H) 



MSB 



LSB MSB 



LSB 
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ROM FUNCTIONS FLOW CHART Figure 5 



MASTER T x 
RESET PULSE 










DS1920T X 
PRESENCE 
PULSE 



MASTER T x ROM 
FUNCTION COMMAND 




DS1920T X 
FAMILY CODE 
1 BYTE 
1 





^Y 










MASTER T x BIT 



DS1920T X BIT0 



DS1920T X BTT0 
MASTER T X BIT 



DS192 
SERIAL |v 
6 BY 


0T X 
UMBER 

rES 






DS192 
CRCE 


0T X 
YTE 




DS1920T X BIT0 



DS1920T X BIT0 



MASTER T x BIT 



MASTER T x BIT 1 
1 1 



MASTER T x BIT 63 





DS1920T X BIT1 



DS1920T X B7TT 



MASTER T x BIT 1 



DS1920T x BIT63 



DS1920T X 51763 



MASTER T x BIT 63 





DS1920T X BIT63 



DS1920T x BTrB3 



MASTER T x BIT 63 




MASTER T x MEMORY OR CONTROL 
FUNCTION COMMAND 



(SEE FIGURE 9) 
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1-WIRE CRC CODE Figure 6 

■ 



INPUT 




' 

















(LSB) 




MEMORY 

The DS1920's memory is organized as shown in 
Figure 7. The memory consists of a scratchpad and two 
bytes of EEPROM which store the high and low temper- 
ature triggers TH and TL. The scratchpad helps insure 
data integrity when communicating over the 1-Wire 
bus. Data is first written to the scratchpad where it can 
be read back. After the data has been verified, a copy 
scratchpad command will transfer the data to the 
EEPROM. This process insures data integrity when 
modifying the memory. 

The scratchpad is organized as eight bytes of memory. 
The first two bytes contain the measured temperature 



DS1920 MEMORY MAP Figure 7 

SCRATCHPAD 



TEMPERATURE LSB 



TEMPERATURE MSB 



TH/USER BYTE 1 



TL/USER BYTE 2 



RESERVED 



COUNT REMAIN 



COUNT PER °C 7 



BYTE 


1 

2 

3 

4 

,5 
6 



CRC 



information. The third and fourth bytes are volatile 
copies of TH and TL and are refreshed with every pow- 
er-on reset. The next two bytes are not used; upon 
reading back, however, they will appear as all logic 1 's. 
The seventh and eighth bytes are count registers, which 
may be used in obtaining higher temperature resolution 
(see "Operation-Measuring Temperature" section). 

There is a ninth byte which may be read with a Read 
Scratchpad command. This byte is a cyclic redundancy 
check (CRC) over all of the eight previous bytes. This 
CRC is implemented as described in the section titled 
"CRC Generation". 



EEPROM 



TH/USER BYTE 1 



TL/USER BYTE 2 
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1-WIRE BUS SYSTEM 

The 1 -Wire bus is a system which has a single bus mas- 
ter and one or more slaves. The DS1920 behaves as a 
slave. The discussion of this bus system is broken down 
into three topics: hardware configuration, transaction 
sequence, and 1-Wire signaling (signal types and tim- 
ing). 



at the appropriate time. To facilitate this, each device 
attached to the 1-Wire bus must have open drain or 
3-state outputs. The 1-Wire port of the DS1920 (data 
contact) is open drain with an internal circuit equivalent 
to that shown in Figure 8. A multidrop bus consists of a 
1-Wire bus with multiple slaves attached. The 1-Wire 
bus requires a pullup resistor of approximately 5 kQ. 



HARDWARE CONFIGURATION 

The 1-Wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 

HARDWARE CONFIGURATION Figure 8 

+5V 




The idle state for the 1 -Wire bus is high. If for any reason 
a transaction needs to be suspended, the bus MUST be 
left in the idle state if the transaction is to resume. If this 
does not occur and the bus is left low for more than 
1 20 us, one or more of the devices on the bus will be 
reset. 

TRANSACTION SEQUENCE 

The protocol for accessing the DS1920 via the 1-Wire 
port is as follows: 

• Initialization 

• ROM Function Command 

• Memory/Control Function Command 

• Transaction/Data 

INITIALIZATION 

All transactions on the 1-Wire bus begin with an initial- 
ization sequence. The initialization sequence consists 
of a reset pulse transmitted by the bus master followed 
by presence pulse(s) transmitted by the slave(s). 



The presence pulse lets the bus master know that the 
DS1 920 is on the bus and is ready to operate. For more 
details, see the "1-Wire Signaling" section. 

ROM FUNCTION COMMANDS 

Once the bus master has detected a presence pulse, it 
can issue one of the five ROM function commands. All 
ROM function commands are eight bits long. A list of 
these commands follows (refer to flowchart in Figures): 

Read ROM [33h] 

This command allows the bus master to read the 
DS1920's 8-bit family code, unique 48-bit serial num- 
ber, and 8-bit CRC. This command can only be used if 
there is a single DS1920 on the bus. If more than one 
slave is present on the bus, a data collision will occur 
when all slaves try to transmit at the same time (open 
drain will produce a wired AND result). 

Match ROM [55h] 

The match ROM command, followed by a 64-bit ROM 
sequence, allows the bus master to address a specific 
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DS1920 on a multidrop bus. Only the DS1920 that 
exactly matches the 64-bit ROM sequence will respond 
to the subsequent memory function command. All 
slaves that do not match the 64-bit ROM sequence will 
wait for a reset pulse. This command can be used with a 
single or multiple devices on the bus. 



long as the DS1 920 is powered up, until another tem- 
perature measurement reveals a non-alarming value, 
or the settings of TH or TL are modified so that the mea- 
sured value again is within the allowed limits. For alarm- 
ing, the trigger values stored in EEPROM are taken into 
account. 



Skip ROM [CCh] 

This command can save time in a single drop bus sys- 
tem by allowing the bus master to access the memory 
functions without providing the 64-bit ROM code. If 
more than one slave is present on the bus and a read 
command is issued following the Skip ROM command, 
data collision will occur on the bus as multiple slaves 
transmit simultaneously (open drain pulldowns will pro- 
duce a wired AND result). 

The Skip ROM command is useful to address all 
DS1920s on the bus to do a temperature conversion. 
Since the DS1 920 uses a special command set, other 
device types will not respond to these commands. 

Search ROM [FOh] 

When a system is initially brought up, the bus master 
might not know the number of devices on the 1-Wire 
bus or their 64-bit ROM codes. The search ROM com- 
mand allows the bus masterto use a process of elimina- 
tion to identify the 64-bit ROM codes of all slave devices 
on the bus. 

The ROM search process is the repetition of a simple 
3-step routine: read a bit, read the complement of the 
bit, then write the desired value of that bit. The bus mas- 
ter performs this simple, 3-step routine on each bit of 
the ROM. After one complete pass, the bus master 
knows the contents of the ROM in one device. The 
remaining number of devices and their ROM codes may 
be identified by additional passes. See Chapter 5 of the 
Book of DS19xx Touch Memory Standards for a com- 
prehensive discussion of a ROM Search, including an 
actual example. 

Alarm Search [ECh] 

The flowchart of this command is identical to the Search 
ROM command. However, the DS1920 will respond to 
this command only if an alarm condition has been 
encountered at the last temperature measurement. An 
alarm condition is defined as a temperature higher than 
TH or lowerthan TL. The alarm condition remains set as 



MEMORY AND CONTROL FUNCTION 
COMMANDS 

The following command protocols are summarized in 
Table 2, and by the flowchart of Figure 9. 

Write Scratchpad [4Eh] 

This command writes to the scratchpad of the DS1 920, 
starting at address 2. The next two bytes written will be 
saved in scratchpad memory, at address locations 2 
and 3. Writing may be terminated at any point by issuing 
a reset. However, if a reset occurs before both bytes 
have been completely sent, the contents of these bytes 
will be indeterminate. Bytes 2 and 3 can be read and 
written, all other bytes are read only. 

Read Scratchpad [BEh] 

This command reads the complete scratchpad. After 
the last byte of the scratchpad is read, the bus master 
will receive an 8-bit CRC of all scratchpad bytes. If not 
all locations are to be read, the master may issue a reset 
to terminate reading at any time. 



Copy Scratchpad [48h] 

This command copies from the scratchpad into the E 2 
memory of the DS1 920, storing the temperature trigger 
bytes in nonvolatile memory. The bus master has to 
enable a strong pullup for at least 10 ms immediately 
after issuing this command. 

Convert T [44h] 

This command begins a temperature conversion. No 
further data is required. The bus master has to enable a 
strong pullup for 2 seconds immediately after issuing 
this command. 

Recall [B8h] 

This command recalls the temperature trigger values 
stored in E 2 to the scratchpad. This recall operation hap- 
pens automatically upon power-up to the DS1920 as 
well, so valid data is available in the scratchpad as soon 
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MEMORY AND CONTROL FUNCTIONS FLOW CHART Figure 9 



MASTER T x MEMORY 
OR CONTROL COMMAND 




DS1920 SETS ADDRESS 
COUNTER TO 2 



MASTER T x DATA BYTE 
TO SCRATCHPAD 




DS1920 INCREMENTS 
ADDRESS 





DS1920 SETS ADDRESS 
COUNTER TO 



MASTER R x DATA 
FROM SCRATCHPAD 




DS1920 INCREMENTS 
ADDRESS 



MASTER R x 8-BIT 
CRC OF DATA 




MASTER Rx"1s" 



DS1920T X 
PRESENCE PULSE 
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MEMORY AND CONTROL FUNCTIONS FLOW CHART (cont'd) Figure 9 




MASTER ENABLES 
STRONG PULLUP FOR 
10 ms 






DS1920 COPIES SCRATCH- 
PAD TO EEPROM 






MASTER 
STRONC 


DISABLES 
PULLUP 





MASTER ENABLES 
STRONG PULLUP FOR 
2 SECONDS 



DS1920 CONVERTS 
TEMPERATURE 



MASTER DISABLES 
STRONG PULLUP 




117 



DS1920 




052594 12/18 



118 



DS1920 



1-WIRE SIGNALLING 

The DS1920 requires strict protocols to insure data 
integrity. The protocol consists of five types of signalling 
on one line: Reset Sequence with Reset Pulse and 
Presence Pulse, write 0, write 1 , read data and Strong 
Pullup. All these signals except presence pulse are initi- 
ated by the bus master. The initialization sequence 
required to begin any communication with the DS1920 
is shown in Figure 1 0. A reset pulse followed by a pres- 
ence pulse indicates the DS1920 is ready to accept a 
ROM command. The bus master transmits (TX) a reset 
pulse (tRSTL. minimum 480 us). The bus master then 
releases the line and goes into receive mode (RX). The 
1-Wire bus is pulled to a high state via the pull-up resis- 
tor. After detecting the rising edge on the 1-Wire line, 
the DS1920 waits Opdh. 15-60 u.s) and then transmits 
the presence pulse (t PDL , 60-240 us). 

READ/WRITE TIME SLOTS 

The definitions of write and read time slots are illus 
in Figure 11. All time slots are initiated by the master 
driving the data line low. The falling edge of the data line 
synchronizes the DS1920 to the master by triggering a 
delay circuit in the DS1 920. During write time slots, the 
delay circuit determines when the DS1920 will sample 



the data line, For a read data time slot, if a "0" is to be 
transmitted, the delay circuit determines how long the 
DS1 920 will hold the data line low overriding the 1 gen- 
erated by the master. If the data bit is a "1 ", the DS1 920 
will leave the read data time slot unchanged. 



STRONG PULLUP 

To provide energy for a temperature conversion or for 
copying data from the scratchpad to the EEPROM, a 
low impedance pullup of the 1-Wire bus to 5V is 
required just after the corresponding command has 
been sent by the master. During temperature conver- 
sion or copying the scratchpad, the bus master controls 
the transition from a state where the data line is idling 
high via the pull-up resistor to a state where the data line 
is actively driven to 5 volts providing a minimum of 1 mA 
of current for each DS1 920 doing temperature conver- 
sion. This low impedance pullup should be active for 2 
seconds for temperature conversion or at least 1 ms 
i scratchpad. After that, the data line 
returns to an idle high state controlled by the pull-up 
resistor. The low-impedance pullup does not affect 
other devices on the 1-Wire bus. Therefore it is pos- 
sible to multidrop other 1-Wire devices with the 



INITIALIZATION PROCEDURE "RESET AND PRESENCE PULSES" Figure 10 

MASTER T x "RESET PULSE" j MASTER R x "PRESENCE PULSE" 



V PULLUP 
^PMIN 
IH MIN 



VpilLLUP MIN 
VII 



VlLMAX 

ov 



5 



RESISTOR 

MASTER 

DS1920 



rr&sr 

- tRSTL ■ 



tR 



*RSTH 



tpDH 



480 us < t RSTL < oo * 
480 us < t RS jH < °° (includes recovery time) 
1 5 us < tp DH < 60 us 
60 us < t PDL < 240 us 



* In order not to mask interrupt signalling by other devices on the 1-Wire bus, t RS TL + *R should always be less 
than 960 u.s. 
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DS1920 MEMORY AND CONTROL FUNCTION COMMANDS Table 2 



INSTRUCTION 


DESCRIPTION 


PROTOCOL 


1-WIRE BUS 
AFTER ISSUING 
PROTOCOL 


NOTES 


TEMPERATURE CONVERSION COMMANDS 


Convert T 


Initiates temperature conversion. 


44H 


strong pullup 


1 


MEMORY COMMANDS 


Read Scratchpad 


Reads bytes from scratchpad and 
reads CRC byte. 


BEH 


<read up to 9 data 
bytes> 




Write Scratchpad 


Writes bytes into scratchpad at 
addresses 2 and 3 (TH and TL 
temperature triggers). 


4EH 


< write data into 2 
bytes at addr. 2 and 
addr. 3> 




Copy Scratchpad 


Copies scratchpad into nonvolatile 
memory (addresses 2 and 3 only). 


48H 


strong pullup 



2 


Recall 


Recalls values stored in nonvolatile 
memory into scratchpad (tempera- 
ture triggers). 


B8H 


idle 





NOTE: 

1 . Temperature conversion takes up to 2 seconds. After receiving the Convert T protocol, the data line for the 
DS1920 must be held high for at least 2 seconds to provide power during the conversion process. As such, 
no other activity may take place on the 1-Wire bus for at least this period after a Convert T command has 
been issued. 



2. After receiving the Copy Scratchpad protocol, the data line for the DS1 920 must be held high for at least 1 
ms to provide power during the copy process. As such, no other activity may take place on the 1-Wire bus 
for at least this period after a Copy Scratchpad command has been issued. 

READ/WRITE TIMING DIAGRAM Figure 11 
Write-One Time Slot 



., VpilLLllp- 
VPULLUP MIN - 
V|H MIN ~ 

V||_ MAX - 

ov- 



1 



Jlqwl 



15 ns 



tSLOT ■ 



DS1920 
SAMPLING WINDOW 



■ Irec ■ 



I 



60 ns 



RESISTOR 

MASTER 

DS1920 



60 ns < tsLOT < 120 ns 
1 (.is < t[_owi < 1 5 ns 

1 (IS < tp.EC < °° 
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READ/WRITE TIMING DIAGRAM (cont'd) Figure 11 
Write-Zero Time Slot 



V PULLUP - 
^PMIN- 
IHMIN- 



V PUL^JP MIN 



V|L MAX - 

ov- 



Irec 



tSLOT " 



15 US 



DS1920 
SAMPLING WINDOW 



60 |AS 



t L0 



I 



60 us < t LOW0 < t S LOT < 1 20 us 
1uS<t REC <oo 

Read-Data Time Slot 



i, V PULLUP- 
V PULLUP MIN - 
V IH MIN " 

V|L MAX - 

ov- 



i 



tSLOT 



'lowr 



MASTER SAMPLING 
WINDOW 



" <RDV ' 



• *REC -»■ 



1 



'release 



RESISTOR 

MASTER 

DS1920 



60uS<t SL OT< 120 us 
1 uS<t L0W R<15uS 
0<t REL EASE<45uS 
1 US < tREC < °° 
t RDV = 15 US 
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MEMORY FUNCTION EXAMPLE Table 3 

Example: Bus Master initiates temperature conversion, then reads temperature. 



MASTER MODE 


DATA (LSB FIRST) 


COMMENTS 


TV 

I A 


Reset 


Keset pulse (4ou— you |is) 


RX 


Presence 


Presence pulse. 


TV 
IX 


ECU 

oon 


Issue "Match ROM" command. 


RX 


<64— bit ROM code> 


Issue address for Dbl920. 


TX 


44 H 


Issue "Convert T" command. 


TX 


<UAIA LINb HI(jH> 


Data line is held high for at least 2 seconds by bus master 
to allow conversion to complete. 


TX 


Reset 


Reset pulse. 


RX 


Presence 


Presence pulse. 


TX 


55H 


Issue "Match ROM" command. 


TX 


<64-bit ROM code> 


Issue address for DS1920. 


TX 


BEH 


Issue "Read Scratchpad" command. 


RX 


<9 data bytes> 


Read entire scratchpad plus CRC; the master now recal- 
culates the CRC of the eight data bytes received from the 
scratchpad, compares the CRC calculated and the CRC 
read. If they match, the master continues; if not, this read 
operation is repeated. 


TX 


Reset 


Reset Pulse 


RX 


Presence 


Presence pulse, done. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 



-0.5V to +7.0V 

-55°Cto+100°C 

-55°Cto+125°C 



This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CONDITIONS 



(-55°C to+100°C) 



PARAMETER 



SYMBOL 



CONDITION 



MIN 



TYP 



MAX 



UNITS 



NOTES 



Pullup Voltage 



Vpup 



I/O Functions 

± 1 /2°C Accurate 
Temperature 
Conversions 



2.8 
4.3 



5.0 



6.0 
6.0 



V 
V 



1,2 



Logic 1 



Vih 



2.2 



Vpup+0.3 



Logic 



Vil 



-0.3 



+0.8 







DC ELECTRICAL CHARACTERISTICS 



(-55°C to +100°C; V PUP =4.3V to 6.0V) 



PARAMETER 


SYMBOL 


CONDITION 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Thermometer Error 


tERR 


0°C to +70°C 
-40°C to +0°C 
and +70°C to 
+85°C 
-55°C to -40°C 
and +85°C to 
+100°C 






±v 2 

±1 

±2 


°C 
°C 

°c 




Active Current 


Idd 






500 


1000 


KA 


3,4 


Input Load Current 


II 






5 




HA 




Output Logic Low @ 4 mA 


Vol 








0.4 


V 


2 



AC ELECTRICAL CHARACTERISTICS; TEMPERATURE 
CONVERSION AND COPY SCRATCHPAD 



(-55°C to +100°C; V PUP =4.3V to 6.0V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Temperature Conversion 


tCONV 




1.2 


2.0 


seconds 




Copy Scratchpad 


tCQPY 






10 


ms 


5 

— 
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UI1I 1 o 


nu i CO 


Time Slot 


tSLOT 


60 




120 


US 




Write 1 Low Time 


t|_owi 


1 




15 


US 




Write Low Time 


t|_OW0 


60 




120 


US 




Read Data Valid 


tRDV 


exactly 1 5 


us 


















Release Time 


Release 





15 


45 


us 




Read Data Setup 














tsu 






1 


US 


8 


Recovery Time 


*REC 


1 






US 




Reset Time High 


iRSTH 


480 






US 




Reset Time Low 


Irstl 


480 




4800 


US 


6, 7 










Presence Detect High 


tpDHIGH 


15 




60 


us 




Presence Detect Low 


tpDLOW 


60 




240 


US 













NOTES 



1 . Temperature conversion will work with ±2°C accuracy down to V PUP = 3.4V. 

2. All voltages are referenced to ground. 

3. I DD specified with V cc at 5.0V 

4. Active current refers to temperature conversion. 

5. Writing to EEPROM consumes approximately 200 uA. 

6- tptsTL m ay be up to 4800 us. With longer times, the value of temperature conversion may get lost. 

7. The reset low time should be restricted to a maximum of 960 ms, to allow interrupt signalling, otherwise it 
could mask or conceal interrupt pulses. 

8. Read data setup time refers to the time the host must pull the 1-Wire bus low to read a bit. Data is guaran- 
teed to be valid within 1 us of this falling edge and will remain valid for 14 us minimum. (15 us total from fal- 
ling edge on 1-Wire bus.) 
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DS1401/DS1402 



DALLAS 

SEMICONDUCTOR 



DS1401 

Front Panel Button Holder 

DS1402 
Button Cable 



FEATURES 

• A convenient interface for Buttons 

• Can be used with any Dallas Semiconductor Button 
holder 

• Provides from 4 to 24 Button ports (1 port used for But- 
ton Cable connection) 

• Buttons can be inserted in any combination 

• Momentary touch or dwelled contact 

• Fastens to any convenient location 




BUTTON CAVITY 




DESCRIPTION 

Dallas Buttons can now be conveniently accessed 
using the DS1401 and DS1402. 

The DS1401 is connected to the computer using the 
DS1402 and any Dallas Button Holder (which connects 
to an I/O port). TheDS1401 mounts to any surface (top 
of tower computer, CRT, keyboard). 

The DS1401 supports Dallas' MicroLan architecture, 
allowing Buttons to be inserted into Button ports in any 



combination. Each Button's unique 64-bit ID makes 
location detection automatic. 

The DS1401 also supports momentary touch contact 
with Button ports for applications which do not require a 
dwelled contact. 

Multiple versions of the DS1 401 are available to provide 
4 to 24 Button ports. 
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DALLAS 



DS9092 

Touch Memory Probe 



FEATURES 

• Simple, low-cost metal stampings form 
probe for the Touch Memory family 



• Probe guides the entry of the Touch Memory 

• Touch Memory slides over the surface to self-clean 
contacts 

• Accessible shallow probe cavity simplifies removal of 
debris such as mud 



PACKAGE DESCRIPTION 



Flexible design supports panel mount or 
mount with optional tactile feedback 



rip 



• Bright tarnish-resistant metal surface provides mil- 
lions of operations 

• Panel-mount probe, pre-wired for easy installation 

• Hand-grip probe mates to RJ-1 
lation 

ORDERING INFORMATION 

DS9092 Panel-mount probe, solid face 
DS9092T Panel-mount probe with tactile 
feedback 

eedback 



twithl 




PIN 1 



DATA- 


GRAY 


GROUND 


- BLACK 



PANEL MOUNTING 



HAND-GRIP MOUNT 
DS9092GT 



CONNECTOR PINOUT 



DATA- PIN 4 
GROUND -PIN 3 



DESCRIPTION 

The DS9092 Touch Memory Probe provides the electri- 
cal contact necessary for the transfer of data to and from 
the DS19xx family of Touch Memories. The round 
probe shape provides a self-aligning interface that 
readily matches the circular rim of the Touch Memory 
MicroCan. Metal contacts resist wear and are easy to 
keep clean. 



The DS9092 is available with a flat face plate (standard) 
or with optional tactile feedback. The center contact of 
the standard reader has no moving parts, making this a 
more rugged interface for harsh environments. This 
type of probe is best suited for designs where the Touch 
Memory is brought into contact with the reader. The tac- 
tile feedback probe is ideal for situations where the 
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DS9092 



Touch Memory is stationary and the movable reader is The two 1 5 cm 22AWG wires are provided for easy con- 
brought in contact with it. nection to the system microcontroller. The hand-grip 

mount probe comes attached to a 1 cm handle and 

Both types of probes are available in a panel-mount 1-meter cable which is terminated with an RJ11 jack, 
version. The tactile feedback probe is also available in a 
grip-mount version. The panel-mount probes are fas- 
tened behind the panel with a push-on type spring nut. 



STANDARD TOUCH PROBE Figure 1 




GROUND CONTACT 



OPTIONAL TACTILE FEEDBACK Figure 2 




OPTIONAL HAND-HELD WAND Figure 3 




SECTION A-A 

All dimensions are in millimeters. DS9092GT 
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DALLAS 

SEMICONDUCTOR 



DS9092R 

Touch Port 



FEATURES 

• Empty stainless steel MicroCan with opening in rear 
and solder tabs. 



Acts as a touch contact for remotely lo 
devices 



• Together with DS2404S-C01 makes complex func- 
tions involving microcontrollers behave as if they 
were Touch Memories. 

• Available with "CERTIFIED DALLAS TOUCH" logo 
DESCRIPTION 

The DS9092R Touch Port provides the electrical con- 
tact necessary for mating remotely located Touch 
Memories or other 1 -Wire MicroLAN devices with read- 
er/writers. The DS9092R is also available with logo. 



PACKAGE OUTLINE 



36 - 
DATA . 



5 89 
£1 



.8-0 . 



60 




GROUND 



LA 



3.8 
"3 




APPLICATIONS 




Touch Pen 



Touch Pott 



DS9093RA 
Retaining Ring 



Equipment 
Encloiur* 




===== 



nprinnfrnn 



DS2404S-C01 
TJUUrJLJUUU 1 



HP 



o 



1-WIRE 



3-WIRE 



Equipment fitted with 1-Wire button contact. 



LOGO WITH / * . . * \ 

TYPE-LOO ls»BjyMl 

ONLY V.,.6*/ 



All 



CONTACTS 

Rim 

Inner Face 



LOGO 

dimensions are shown in millii 



Ground 



imeters. 



INFORMATION 

DS9092R-000 Tabbed MicroCan 
DS9092R-L00 Tabbed MicroCan with logo 
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Touch Memory Mount Products 



FEATURES 

• Keyring mount version: 

- DS9093F snap-in fob for use with flanged 
MicroCan (F3/F5 package) 

• Two permanent mount versions: 

- DS9093S allows a Touch Memory to be easily 
and permanently attached to an object using 
screws or rivets (F5 package) 

- DS9093P has a locating pin and a single mount- 
ing hole for permanent attachment (F5 package) 

• Prepunched hole mount: 

- DS9093RA lock ring firmly fastens F5 package 

- DS9093RB flange enlargement provides addi- 
tional flange surface area if needed 



THROUGH-MOUNT FOR CONTAINERS 




T 



SECTION A-A 

All dimensions are in millimeters. 



SECTION B-B 



~ 5 3 B 
3.0 MINIMUM REQUIRED 
CLEARANCE 



DS9093P/S 
TOUCH DEVICE 




NOTE: PIN IS REPLACED SECTION A-A 
WITH A THRU HOLE M 
ON DS9093S b » 







30.9 









2.0 J 
SECTION B-B 
c) 
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DESCRIPTION 

The DS9093 Touch Memory Mount Products offer the 
user low-cost fixtures that hold a Touch Memory for 
thumbpad applications or permanent attachment to an 
object. 

The DS9093F plastic snap-in fob offers the simplest 
way to mount a Touch Memory for applications that 
require only momentary contact. The fob can be 
attached to a keyring for carrying. Do not apply solvents 
or adhesives to this fob. This might affect the mechani- 
cal strength and reliability. 

The DS9093S and DS9093P allows the user to perma- 
nently attach a Touch Memory to an object with one or 
two screws, rivets, etc. The plastic plate is designed with 
an inset that accommodates the flange of the F5 pack- 
age and allows for flush mounting. A protective wall is 
provided along the sides of the plate to reduce incidental 
damage to the Touch Memory. 

The DS9093RA Lock Ring is a stainless steel fastener 
which provides an inexpensive method forfirmly attach- 
ing a Touch Memory to any item with a pre-punched 
hole. The Touch Memory is inserted through the hole 
and is restrained by the flange on the Touch Memory. 
The DS9093RA Lock Ring is crimped onto the portion of 
the Touch Memory which protrudes through the hole. 

The optional DS9093RB Flange Enlargement is a thin 
stainless steel washer that provides additional surface 
areata improve retention of the Touch Memory in mate- 
rials that are very thin or flexible. The DS9093RB is 
formed with a slight dome to improve the gripping force 
exerted onto the pre-punched material. The domed 
side of the washer should face the flange of the Touch 
Memory, the flat side should face the material. 



DS9093RA 




0.30 mm — »i^m — 



DS9093RB 




0.51 mm — »J |<— 




DS9093RB 

FLANGE ENLARGEMENT 
(OPTIONAL) 



FLANGE OF 
TOUCH MEMORY 



i 
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DALLAS 

SEMICONDUCTOR 



DS9094 

MicroCan Clip 



FEATURES 

• Low cost holder for 16.3 mm MicroCan 

• Printed circuit board mount 

• MicroCan contacts are 302 spring stainless i 

• Flammability rating: UL94V-0 

• Two versions: 

- DS9094F for F5 MicroCan (flanged rim, 5.8 mm 
high) 

- DS9094FS for surface mounting F5 MicroCan 
(flanged rim, 5.8 mm high) 

• Printed circuit contacts are selectively tin-lead plated 
for improved solderability _ 



GROUND 




DATA 



INSERTION OF TOUCH MEMORY 



DESCRIPTION 

The DS9094 Clip holds a MicroCan and connects to a 
printed circuit board. By deflecting the spring clip in the 
molded housing, a MicroCan can be inserted and ex- 
tracted without special tools. If reverse insertion is at- 
tempted, the beveled edge on the housing prevents 
contact. The DS9094's low profile minimizes the clear- 
ance height above the printed circuit board. 



1 
11.9 
i 




DS9094F 




DS9094FS 
PC BOARD MOUNTING DETAILS 




0.97 DIA. 
FINISHED HOLE 
2 PL 

CONTACT 
DETAIL 
£ 4.7 



DS9094F 
RECOMMENDED HOLE SIZE 



0.8 X 0.6 




2.5 2 PL. 



8.2 2 PL. 



DS9094FS 
RECOMMENDED PAD SIZE 



All dimensions are in millimeters. 



1/1 
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DALLAS 

SEMICONDUCTOR 



DS9096P 

Touch Memory Adhesive Pads 



FEATURES 



• Low-cost permanent attachment method for Touch 



Memory 

Readily attaches Touch Memory to any smooth flat 
surface 

Available in die-cut rolls of 500/roll 



/ 

/ 



— » 




15.2 DIA. 
1 



0.6 



19.2 



All dimensions are shown in millimeters. 



DESCRIPTION 

The DS9096P Touch Memory adhesive pad is a 
double-sided pad that is die-cut to match the diameter 
of Touch Memory devices. The pads allow Touch 



■ 

Memories to be attached to virtually any smooth sur- 
face. The DS9096P offers a very permanent attach- 
ment method that is not intended to be removed. 
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DALLAS 

SEMICONDUCTOR 



DS9097/DS9097E 

Touch COM Port Adapter 



FEATURES 



• Provides a simple, low-cost interface to an RS232C 
COM Port for reading and writing Touch Memory 
devices (DS9097E required for programming 
DS198x Add-Only Touch Memories) 

• Adapter is powered entirely from an RS232 interface 
(DS9097E may require optional auxiliary 1 2V supply) 

• Standard DB-25 connector for mating DS9097 to the 
COM Port of a computer and RJ-1 1 connector for 
easy attachment of a probe such as the DS9092GT 

• DS9097E has an additional 2.1 mm male power jack 
to allow for an auxiliary 1 2V DC supply for program- 
ming Add-Only Touch Memories 

Auxiliary supply should be a regulated 1 2V @ 1 o mA 
minimum, center=GND, outer ring=V+ (Newark Elec- 
tronics Stock No. 84F2081 , Allied Electronics Stock 
No. 928-9895, Stancor Model STA-300R, or equiva- 
lent) 



DESCRIPTION 

The DS9097 Touch Serial Port Adapter is a simple, low- 
cost passive adapter which performs RS232C level con- 
version, allowing a Touch Memory probe to be connected 
to the serial port of a computer so that a Touch Memory 
can be read and written directly. The serial port must sup- 
port a data transmission rate of 1 1 5,200 bits/s in order to 
create the 1-Wire time slots correctly. Nearly all PCs 
support the required bit rate and are fully compatible with 
the DS9097. Since an eight bit character on the RS232 
bus operating at 1 1 5,200 bits/s is used to form the 1 -Wire 
time slots, the maximum effective 1-Wire transfer rate is 
1 4,400 bits/s. A selection of software examples illustrat- 
ing how to communicate with Touch Memories using the 
DS9097 is provided in the DS9092K Touch Memory 
Starter Kit, available from Dallas Semiconductor. 



DS9092GT 
PROBE 



(NOT INCLUDED) 




DS9097 
IBM PC 
COM PORT 
ADAPTER 



DS9097E PROVIDES ' 
JACK FORAUXIUARY TYPICAL AUXILIARY SUPPLY 




OUTPUT CONNECTOR FEMALE 



VOLTAGE OUT 
27.9 



CONNECTOR 
REQUIREMENTS 



8.9 
i 



All dimensions are in millimeters. 



-ft 



The DS9097E is an upgraded version of the DS9097 that 
is capable of supplying the 1 2 volts necessary to program 
the EPROM-based Touch Memory products (DS198x 
Add-Only Memories) in addition to reading and writing 
standard devices (DS199x). When combined with the 
appropriate software, the DS9097E can be used in a 
standalone mode where all of the programming current is 
supplied by the serial port itself. In this configuration, the 
maximum number of EPROM bits that can be pro- 
grammed simultaneously is four on a typical serial port. 
For higher performance, the above mentioned 1 2V auxil- 
iary supply can be plugged into the power jack on the 
DS9097E and with proper software enable the serial port 
to program up to eight EPROM bits simultaneously. 
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DALLAS DS9098 
semiconductor MicroCan Retainer 



FEATURES 

• Compact single-piece, all-metal receptacle for 
MicroCan mounting 

• Retainer withstands high temperatures required for 
surface mounting 

• Center contact is permanently separated at first inser- 
tion of MicroCan 

• Material is stainless steel with selective tin-lead plat- 
ing for optimal solderability to printed circuit board 

• Retainer to MicroCan connection is stainless steel to 
stainless steel 



, Section A-A 

_i_ r\ 



Quadruple r 



cy of contacts (4 



• Contact force exceeds 200 grams for reliable connec- 
tion 

• At insertion, MicroCan is latched for retention 

• Pops up for removal when latch is released 

• Gentle deflection of latches allows removal of the 
MicroCan 

• >25 insertion/withdrawal cycles with no performance 
degradation 

• Compatible with standard pick and place equipment; 
insensitive to angular orientation 

• Cleaning fluids drain freely for quick clean up 

• Available in bulk packaging (DS9098) or in extruded 
tube packaging (DS9098T) 



DESCRIPTION 

The DS9098 MicroCan Retainer is a low-cost, surface 
mount device that retains a 1 6.3mm x 5.8mm MicroCan 
on a printed circuit board. The slender design secures 
the MicroCan for a compact printed circuit board mount. 
The retainer latches the flange of the MicroCan and pre- 
vents reversed insertion. 



8.0 



5.90 | [XT 

■ — J ./\ i--* 

-t 



Tin - lead 

plated side B 




Section B-B 



Center contact deviation from 
resting plane +.20 
-.10 

Recommended Printed Circuit 
Layout Pads 




Copper cladding >0,3 Kg/m 2 
or >34 [im (>1 oz/sq. ft) 
with soldermask overlay 

Center - Data Outer ring - Ground 

All dimensions are in millimeters 

PRECAUTIONS ON USE 

At first insertion closely align axis of the MicroCan and 
the Retainer, and then apply approximately 1 kg force 
forthe separation of the center contacts. At subsequent 
insertion maintain similar axial alignment to avoid per- 
manent deformation. At removal, limit deflection of 
retainer latches to just free MicroCan edge from 
retained state. Avoid applying excess force to latches. 
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PRELIMINARY 



DALLAS 

SEMICONDUCTOR 



DS9100 

Touch and Hold Probe Stampings 



FEATURES 

• Compact two-piece, all-metal receptacle for F5 
MicroCan 

• Accepts two thirds of the MicroCan - one third of 
MicroCan will extend out 

• Allows reading Touch Memories on either momentary 
or permanent contact 

• Outer ring will hold MicroCan for permanent contact 



• >1000 insertion/withdrawl cycles with no perfor- 
mance degradation 

• Redundancy of contacts and high contact force 
ensures reliability 

• Probe withstands high temperatures required for PCB 
mounting 

• Material is stainless steel with selective tin-lead plat- 
ing for optimal solderability to printed circuit board 

• Cleaning fluids drain freely for quick clean up 

ORDERING INFORMATION 

DS9100A Outer Part (Ground) 

DS91 00B Center Part (Data) 



DESCRIPTION 

The DS91 00 Touch and Hold Probe stampings function 
is similarto the DS9098 MicroCan retainer. An F5 Micro- 
Can will fit completely into the DS9098, but the flange 
and about one third of the can will extend out if pressed 
into the DS9100. As a probe, the DS9100 allows read- 
ing Touch Memories on contact. With Additional pres- 
sure the stiff springs of the DS91 00's outer ring will 
deflect and grip the MicroCan sufficiently to provide a 
continuous contact to both the ground can and the data 
lid. 




RECOMMENDED PCB LAYOUT 



_ 01.70 ±0.08 
/ After Plating 

01 .45 ± 0.08 4 PI. 
After Plating 

01.18 4 PI. 
Before Plating 




1.65H 
CENTER - DATA 



OUTER RING -GROUND 

COPPER CLADDING > 0.3 kg/m* or > 34 
(>1 oz/sq. ft) 

All dimensions are in millimeters. 
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RELIMINl 



DALLAS 



DS9101 

Multi-Purpose Clip 



FEATURES 

• Attachable to a badge 

• Easy detachment by hand 

• Mountable by safety pin to fabric 

• Two pairs of holes for attachment, one for wire mount- 
ing, and one for tie wrap 

• Clipable to shirt pocket 

• Stainless steel 0.5 mm thickness 



• Attachable to other items with 
(DS9101S) 



DESCRIPTION 

The DS91 01 Multi-Purpose Clip offers the user a low- 
cost fixture that mounts a Touch Memory to a plastic 
badge or, using an additional wire or tie wrap, any object 
that provides a hole for strap-mounting. In contrast to 
the DS9093P/S, the DS9101 also allows mounting 
Touch Memories to bags or other soft surfaced objects. 

The DS9101 is designed for easy attachment and 
detachment. Using a DS9093RA Lock Ring, the 
DS91 01 can hold a Touch Memory permanently and still 
allow all the flexibility of strap mounting. 

For quick attachment and dismount use DS9101S, 
assembled with snap fastener, providing smooth and 
reliable fastening means. 



TOUCH 
MEMORY 
RETAINER 




SNAP FASTENER 
IS STANDARD 
7 mm DIA. 



FRONT SIDE BACKSIDE 
DS91 01 S for snap fastening 

Dimensions are shown in millimeters. 
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DS2401 

Silicon Serial Number 



FEATURES 

• Upgrade and drop-in replacement for DS2400 

- Extended 2.8 to 6.0 voltage range 

- Multiple DS2401's can reside on a common 
1-wire bus 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester); guaranteed no two parts alike 

• Built-in multidrop controller ensures compatibility 
with other MicroLAN™ products 

• 8-bit family code specifies DS2401 communications 
requirements to reader 

• Presence pulse acknowledges when the reader first 
applies voltage 

• Low-cost TO-92, SOT-223 and C-lead surface 
mount packages 

• Reduces control, address, and data to a single pin 

• Zero standby power required 

• Directly connects to a single port pin of a microproces- 
sor and communicates at up to 16.3k bits/s 

• Pulse width measurement determines 1 's or 0's 

• Power derived from data line 

• Applications 

- PCB Identification 

- Network Node ID 

- Equipment Registration 

• Operates over industrial temperature range of-40°C 
to +85°C 

SILICON LABEL™ DESCRIPTION 

The DS2401 enhanced Silicon Serial Number is a low- 
cost, electronic registration number that provides an 
absolutely unique identity which can be determined with 
a minimal electronic interface, typically a single port pin 
of a microcontroller. TheDS2401 consists of a factory- 



PIN ASSIGNMENT 

TO-92 




C-LEAD PACKAGE 



TOP VIEW 
3.7X4.0X1.5 mm 

SOT-223 




BOTTOM VIEW 

See Mech. Drawing 
Pg. 340 



PIN DESCRIPTION 

TO-92/SOT-223 

Pin 1 - Ground 
Pin 2 - Data(DQ) 
Pin 3 - No Connect 
Pin 4 - Ground 



THTEr 



TOP VIEW 
See Mech. Drawing 
Pg. 344 



C-LEAD 

Pin1 
Pin 2 
Pin 3 
Pin 4-6 



Ground 
Data (DQ) 
No Connect 
No Connect 



ORDERING INFORMATION 

DS2401 TO-92 Package 

DS2401 Z SOT-223 Surface Mount Package 

DS2401T Tape & Reel of DS2401 

DS2401 Y Tape & Reel of DS2401 Z 

DS2401 P C-lead Surface Mount Package 

DS2401 V Tape & Reel of DS2401 P 

lasered, 64-bit ROM that includes a unique 48-bit serial 
number, an 8-bit CRC, and an 8— bit Family Code (01 h) . 
Data is transferred serially via the 1-Wire protocol 
which requires only a single data lead and a ground 
return. Power for reading and writing the device is 



052094 1/9 



140 



Copyright © 1993 Dallas Semiconductor Corporation 
Printed in U.S.A. 



DS2401 



derived from the data line itself with no need for an exter- 
nal power source. The DS2401 is an upgrade to the 
DS2400. The DS2401 is fully reverse-compatible with 
the DS2400 but provides the additional multi-drop 
capability that enables many devices to reside on a 
single data line. The familiar TO-92, SOT-223 or 
C-lead package provides a compact enclosure that 
allows standard assembly equipment to handle the 
device easily. 

OPERATION 

The DS2401 's internal ROM is accessed via a single 
data line. The 48-bit serial number, 8-bit family code 
and 8-bit CRC are retrieved using the Dallas 1-Wire 
protocol. This protocol defines bus transactions in 
terms of the bus state during specified time slots that are 
initiated on the falling edge of sync pulses from the bus 
master. 



1-WIRE BUS SYSTEM 

The 1 -Wire bus is a system which has a single bus mas- 
ter system and one or more slaves. In all instances, the 
DS2401 is a slave device. The bus master is typically a 
microcontroller. The discussion of this bus system is 
broken down into three topics: hardware configuratioi 
transaction sequence, and 1-Wire signaling (sigi 
type and timing). For a more detailed protocol 



tion, refer to Chapter 4 of the Book of DS19xx Touch 



DS2401 MEMORY MAP Figu 



8-Bit CRC Code 



lemory Standards. 



Hardware Configuration 

The 1-Wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 
at the appropriate time. To facilitate this, each device 
attached to the 1-Wire bus must have an open drain 
connection or 3-state outputs. The DS2401 is an open 
drain part with an internal circuit equivalent to that 
shown in Figure 2. The bus master can be the same 
equivalent circuit. If a bidirectional pin is not available, 
separate output and input pins can be tied together. The 
bus master requires a pull-up resistor at the master end 
of the bus, with the bus master circuit equivalent to the 
one shown in Figure 3. The value of the pull-up resistor 
should be approximately 5 kQ for short line lengths. A 
multidrop bus consists of a 1-Wire bus with multiple 
slaves attached. The 1-Wire bus has a maximum data 
rate of 1 6.3k bits per second. 




the 1 -Wire bus is high. If, for any rea- 
son, a transaction needs to be suspended, the bus 
MUST be left in the idle state if the transaction is to 
resume. If this does not occur and the bus is left low for 
more than 1 20 u,s, one or more of the devices on the bus 
may be reset. 



48-Bit Serial Number 



8-Bit Family Code (01 h) 



MSB 



LSB MSB 



LSB MSB 



LSB 



DS2401 EQUIVALENT CIRCUIT Figure 2 

Rx 



Tx 



-• Data 



5 fiA 
Typ. 



100Q 
MOSFET 



V Ground 
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BUS MASTER CIRCUIT Figure 3 



A) Open Drain 

V DD 

I BUS MASTER 



DS5000 OR 8051 EQUIVALENT 

Open Drain 
Port Pin 



Vdd 



5kQ 



To data connection 
of DS2401 



B) Standard TTL 

w 

VQD 

J BUS MASTER 



TTL-Equivalent 
Port Pins 




To data connection 
of DS2401 
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TRANSACTION SEQUENCE 

The sequence for accessing the DS2401 via the 1 -Wire 
port is as follows: 

• Initialization 



• ROM Function Command 

• Read Data 



INITIALIZATION 

All transactions on the 1-Wire bus begin with an initial- 
ization sequence. The initialization sequence consists 
of a reset pulse transmitted by the bus master followed 
by a presence pulse(s) transmitted by the slave(s). 

The presence pulse lets the bus master know that the 
DS2401 is on the bus and is ready to operate. For more 
details, see the "1-Wire Signalling" section. 

ROM FUNCTION COMMANDS 

Once the bus master has detected a presence, it can is- 
sue one of the four ROM function commands. All ROM 
function commands are eight bits long. A list of these 
commands follows (refer to flowchart in Figure 4): 

Read ROM [33h] or [OFh] 

This command allows the bus master to read the 
DS2401 's 8-bit family code, unique 48-bit serial number, 
and 8-bit CRC. This command can only be used if there 
is a single DS2401 on the bus. If more than one slave is 
present on the bus, a data collision will occur when all 
slaves try to transmit at the same time (open drain will 
produce a wired-AND result). TheDS2401 Read ROM 
function will occur with a command byte of either 33h or 
OFh in order to ensure compatibility with the DS2400, 
which will only respond to a OFh command word with its 
64-bit ROM data. 

Match ROM [55h] / Skip ROM [CCh] 

The complete 1-Wire protocol for all Dallas Semicon- 
ductor Touch Memories contains a Match ROM and a 
Skip ROM command. (See the Book of DS1 9xx Touch 
Memory Standards.) Since the DS2401 contains only 
the 64-bit ROM with no additional data fields, the Match 
ROM and Skip ROM are not applicable and will cause 
no further activity on the 1-Wire bus if executed. The 
DS2401 does not interfere with other 1-Wire parts on a 
multidrop bus that do respond to a Match ROM or Skip 
ROM (for example, a DS2401 and DS1 994 on the same 



Search ROM [FOh] 

When a system is initially brought up, the bus master 
might not know the number of devices on the 1-Wire 
bus or their 64-bit ROM codes. The search ROM com- 
mand allows the bus master to use a process of elimina- 
tion to identify the 64-bit ROM codes of all slave devices 
on the bus. The ROM search process is the repetition of 
a simple 3-step routine: read a bit, read the comple- 
ment of the bit, then write the desired value of that bit. 
The bus master performs this simple 3-step routine on 
each bit of the ROM. After one complete pass, the bus 
master knows the contents of the ROM in one device. 
The remaining number of devices and their ROM codes 
may be identified by additional passes. See Chapter 5 
of the Book of DS1 9xx Touch Memory Standards for a 
comprehensive discussion of a ROM search, including 
an actual example. 

1-WIRE SIGNALLING 

The DS2401 requires a strict protocol to insure data in- 
tegrity The protocol consists of fourtypes of signalling on 
one line: reset sequence with Reset Pulse and Presence 
Pulse, write 0, write 1 and read data. All these signals 
except presence pulse are initiated by the bus master. 

The initialization sequence required to begin any com- 
munication with the DS2401 is shown in Figure 5. A re- 
set pulse followed by a presence pulse indicates the 
DS2401 is ready to send or receive data given the cor- 
rect ROM command. 

The bus master transmits (T x ) a reset pulse (tRSTU 
minimum 480 us) . The bus master then releases the line 
and goes into receive mode (R x ). The 1-Wire bus is 
pulled to a high state via the 5 kQ pull-up resistor. After 
detecting the rising edge on the data pin, the DS2401 
waits (tpoH. 1 5-60 us) and then transmits the presence 
pulse (tpoL, 60-240 us). 

READ/WRITE TIME SLOTS 

The definitions of write and read time slots are illustrated 
in Figure 6. All time slots are initiated by the master driv- 
ing the data line low. The falling edge of the data line 
synchronizes the DS2401 to the master by triggering a 
delay circuit in the DS2401 . During write time slots, the 
delay circuit determines when the DS2401 will sample 
the data line. For a read data time slot, if a "0" is to be 
transmitted, the delay circuit determines how long the 
DS2401 will hold the data line low overriding the 1 gen- 
erated by the master. If the data bit is a "1 " , the DS2401 
will leave the read data time slot unchanged. 
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ROM FUNCTIONS FLOW CHART Figure 4 



MASTER T x 
RESET PULSE 









DS2401 T x 
PRESENCE 
PULSE 
















MASTER T x ROM 








FUNCTION COMMAND 






1 










DS2401 T x FAMILY 
CODE 
1 BYTE 



DS2401 T x 
SERIAL NUMBER 
6 BYTES 



DS2401 Tx 
CRC BYTE 
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INITIALIZATION PROCEDURE "RESET AND PRESENCE PULSES" Figure 5 

MASTER T x "RESET PULSE" I MASTER R x "PRESENCE PULSE" 



., Vp ULLUP 
VpuLLUP MIN 
V|H MIN 

VlLMAX 

ov 



4^ 



tRSTL ■ 



tfl 



tRSTH 



4r 



tpDH 

480(iS<t RS TL<oo* 

480 us < tpsTH < oo (includes recovery time) 
1 5 us < tp D H < 60 us 
60ns<t PDL < ?4n„s 



* In order not to mask interrupt signalling by other devices on the 1 -Wire bus, t RSTL + t R should always be less than 
960 us. 



READ/WRITE TIMING DIAGRAM Figure 6 
Write-One Time Slot 



., VpuLUjp- 
VPULLUP MIN - 
V|H MIN" 

V IL MAX - 

ov- 



1 



RESISTOR 

MASTER 

DS2401 



tSLOT ■ 



t|_QW1 



15 us 



DS2401 
SAMPLING WINDOW 



60 US - 



-»■ 



t REC 








60 US <t SL0 T< 120|^S 
1 HS<t L0W 1 <15us 
1 VS < tREC < oo 
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READ/WRITE TIMING DIAGRAM (cont'd) Figure 6 
Write-zero Time Slot 

tREC 



VpuLLUP - 

?IHl 

V ILM 



VpuLLUP MIN 



n 



15 |is 



DS2401 
SAM PLI NG WINDOW 



60 US 



'LOW0 " 



Read-data Time Slot 



V PULLyP MIN 



VpuLLUP - 
;p MIN - 
IH MIN " 

V|L MAX - 

ov- 



60 US < t LO W0 < 'SLOT < 1 20 [iS 
1 US < t REC < oo 





tsLOT - 


"•— tREC 












SS \ 
















/ 


MASTER SAMPLING / 
WINDOW / 


\ 



tLOWR 



" 'RDV " 



—+\ \*~ ^RELEASE 




60 US < t S LOT< 120 us 
1 US < t L0 WR < 15 fxS 

< ^RELEASE < 45 us 

1 US < t REC < oo 
t RD v= 15HS 



CRC GENERATION 

To validate the data transmitted from the DS2401 , the 
bus master may generate a CRC value from the data as 
it is received. This generated value is compared to the 
value stored in the last eight bits of the DS2401 . If the 
two CRC values match, the transmission is error-free. 

The equivalent polynomial function of this CRC is: 
CRC = x 8 + x 5 + x 4 + 1 

For more details, see the Book of DS19xx Touch 
Memory Standards. 

LOT QUANTITIES AND CUSTOM DS2401 

The DS2401 is available in registered whole lots sealed 
in tamper-detecting cartons with the beginning number 
and range which that particular lot spans specified on 



the label. Nominal lot size is 4,200 pieces with devices 
packed in either 500-piece bags or mounted on reels for 
use by automatic assembly equipment. 

The DS2401 can be made available with a custom brand 
on the package which provides a human-readable repre- 
sentation of the factory-lasered 64-bit ROM code inside. 
Additional customization of a portion of the unique 48-bit 
serial number by the customer is available. Dallas Semi- 
conductor will register and assign a specific customer ID 
in the 1 2 most significant bits of the 48-bit field. The next 
most significant bits are selectable by the customer as a 
starting value, and the least significant bits are non-se- 
lectable and will be automatically incremented by one. 
Certain quantities and conditions apply for these custom 
parts. Contact your Dallas Semiconductor sales repre- 
sentative for more information. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground -0.5V to +7.0V 

Operating Temperature -40°C to +85°C 

Storage Temperature -55°C to +1 25°C 

Soldering Temperature 260°C for 1 seconds 

* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CHARACTERISTICS M0°C to +85°C; V PUP =2.8V to 6.0V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Logic 1 


V| H 


2.2 




V C C +0-3 


V 


1 t 6 


Logic 


V|L 


-0.3 




+0.8 




1 


Output Logic Low @4 mA 


Vol 






0.4 


V 


1 


Output Logic High 


Vqh 




Vpup 


6.0 


V 


1,2 


Input Load Current 


II 




5 




uA 


3 


Operating Charge 


Cop 






30 


nC 


7,8 


CAPACITANCE 












(t A =25°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


I/O (1-Wire) 


ClN/OUT 






800 


PF 


9 


AC ELECTRICAL CHARACTERISTICS 




(-40°C to +85°C; V PUP =2.8V to 6.0V 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Time Slot 


tSLOT 


60 




120 


US 




Write 1 Low Time 


*LOW1 


1 




15 


|iS 




Write Low Time 


tLOWO 


60 




120 


|43 




Read Data Valid 


*RDV 


exactly 1 5 


|XS 




Release Time 


^RELEASE 





15 


45 


us 




Read Data Setup 


tsu 






1 


|xS 


5 


Recovery Time 


tREC 


1 






US 




Reset Time High 


tRSTH 


480 






^s 


4 


Reset Time Low 


tRSTL 


480 






fxS 


10 


Presence Detect High 


tpDHIGH 


15 




60 


us 




Presence Detect Low 


tpDLOW 


60 




240 


us 
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NOTES: 

1 . All voltages are referenced to ground. 

2. Vpup = external pull-up voltage. 

3. Input load is to ground. 

4. An additional reset or communication sequence cannot begin until the reset high time has expired. 

5. Read data setup time refers to the time the host must pull the 1-Wire bus low to read a bit. Data is guaran- 
teed to be valid within 1 us of this falling edge and will remain valid for 14 |xs minimum (15 us total from falling 
edge on 1-Wire bus). 

6. V| H is a function of the external pull-up resistor and the V C c supply. 

7. 30 nanocoulombs per 72 time slots @ 5.0V. 

8. At V C c=5.0V with a 5 kQ pullup to V cc and a maximum time slot of 1 20 \is 

9. Capacitance on the I/O pin could be 800 pF when power is first applied. If a 5 kQ resistor is used to pull up 
the I/O line to Vcc. 5 H s a ^- er power has been applied the parasite capacitance will not affect normal commu- 
nications. 

1 0. The reset low time (tRsnJ should be restricted to a maximum of 960 us, to allow interrupt signalling, other- 
wise it could mask or conceal interrupt pulses if this device is used in parallel with a DS2404 or DS1994. 
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DAI AS DS2502 

1 Kbit Add-Only Memory 



FEATURES 

• 1024-bits Electrically Programmable Read Only 
Memory (EPROM) communicates with the economy 
of one signal plus ground 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Built-in multidrop controller ensures compatibility 
with other MicroLAN™ products 

• EPROM partitioned into four 256-bit pages for ran- 
domly accessing packetized data records 

• Each memory page can be permanently write-pro- 
tected to prevent tampering 

• Device is an "add only" memory where additional data 
can be programmed into EPROM without disturbing 
existing data 

• Architecture allows software to patch data by super- 
seding an old page in favor of a newly programmed 
page 

• Reduces control, address, data, power, and program- 
ming signals to a single data pin 

• Directly connects to a single port pin of a microproces- 
sor and communicates at up to 16.3k bits per second 

• 8-bit family code specifies DS2502 communications 
requirements to reader 

• Presence detector acknowledges when reader first 
applies voltage 

• Low cost TO-92 or 8-pin SOIC and C-lead surface 
mount packages 

• Reads over a wide voltage range of 2.8V to 6.0V from 
-40°C to +85°C; programs at 11.5V ± 0.5V from 
-40°C to +85°C 



PIN ASSIGNMENT 

TO-92 



I KBFI 

ADD-ONI.Y 
MEMORY 



NC QE 

nc or 

DATA QE 
GNOQE 



8 3D NC 
7 3D NC 
6 3D NC 
5 3D NC 



8-Pin SOIC 
(150 Mil) 
See Mech. Drawing 
Pg. 337 



C-LEAD PACKAGE 



□ ft u 
§ % 2 




TOP VIEW 

r,~™..w,™, 3.7X4.0X1.5mm 
BOTTOM VIEW 

See Mech. Drawing 

Pg. 340 

ORDERING INFORMATION 

DS2502 TO-92 package 

DS2502S 8-pin SOIC package 

DS2502P 6-pin C-lead package 

DS2502T Tape & Reel version of DS2502 

DS2502Y Tape & Reel version of DS2502S 

DS2502V Tape & Reel version of DS2502P 

SILICON LABEL™ DESCRIPTION 

The DS2502 1 K-bit Add-Only Memory identifies and 
stores relevant information about the product to which it 
is associated. This lot or product specific information 
can be accessed with minimal interface, for example a 
single port pin of a microcontroller. The DS2502 con- 
sists of a factory-lasered registration number that 
includes a unique 48-bit serial number, an 8-bit CRC, 
and an 8-bit Family Code (09h) plus 1 K-bit of EPROM 
which is user-programmable. The power to program 
and read the DS2502 is derived entirely from the 1 -Wire 
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communication line. Data is transferred serially via the 
1-Wire protocol which requires only a single data lead 
and a ground return. The entire device can be pro- 
grammed and then write-protected if desired. Alterna- 
tively, the part may be programmed multiple times with 
new data being appended to, but not overwriting, exist- 
ing data with each subsequent programming of the 
device. Note: Individual bits can be changed only from a 
logical 1 to a logical 0, never from a logical to a logical 
1 . A provision is also included for indicating that a cer- 
tain page or pages of data are no longer valid and have 
been replaced with new or updated data that is now 
residing at an alternate page address. This page 
address redirection allows software to patch data and 
enhance the flexibility of the device as a standalone 
database. The 48-bit serial number that is factory- 
lasered into each DS2502 provides a guaranteed 
unique identity which allows for absolute traceability. 
The familiar TO-92 or SOIC or C-lead package pro- 
vides a compact enclosure that allows standard assem- 
bly equipment to handle the device easily for attach- 
ment to printed circuit boards or wiring. Typical 
applications include storage of calibration constants, 
maintenance records, asset tracking, product revision 
status, and access codes. 

OVERVIEW 

The block diagram in Figure 1 shows the relationships 
between the major control and memory sections of the 
DS2502. The DS2502 has three main data compo- 
nents: 1 ) 64-bit lasered ROM, 2) 1 024-bit EPROM, and 
3) EPROM Status Bytes. The device derives its power 
for read operations entirely from the 1-Wire commu- 
nication line by storing energy on an internal capacitor 
during periods of time when the signal line is high and 
continues to operate off of this "parasite" power source 
during the low times of the 1-Wire line until it returns 
high to replenish the parasite (capacitor) supply. During 
programming, 1-Wire communication occurs at normal 
voltage levels and then is pulsed momentarily to the pro- 
gramming voltage to cause the selected EPROM bits to 
be programmed. The 1-Wire line must be able to pro- 
vide 1 2 volts and 1 milliamperes to adequately pro- 
gram the EPROM portions of the part. Whenever pro- 
gramming voltages are present on the 1-Wire line a 
special high voltage detect circuit within the DS2502 
generates an internal logic signal to indicate this condi- 
tion. The hierarchical structure of the 1-Wire protocol is 
shown in Figure 2. The bus master must first provide 
one of the four ROM Function Commands, 1) Read 



ROM, 2) Match ROM, 3) Search ROM, 4) Skip ROM. 
These commands operate on the 64-bit lasered ROM 
portion of each device and can singulate a specific 
device if many are present on the 1-Wire line as well as 
indicate to the bus master how many and what types of 
devices are present. The protocol required for these 
ROM Function Commands is described in Figure 9. 
After a ROM Function Command is successfully 
executed, the memory functions that operate on the 
EPROM portions of the DS2502 become accessible 
and the bus master may issue any one of the five 
Memory Function Commands specific to the DS2502 to 
read or program the various data fields. The protocol for 
these Memory Function Commands is described in Fig- 
ure 6. All data is read and written least significant bit first. 

64-BIT LASERED ROM 

Each DS2502 contains a unique ROM code that is 64 
bits long. The first eight bits are a 1-Wire family code. 
The next 48 bits are a unique serial number. The last 
eight bits are a CRC of the first 56 bits. (See Figure 3.) 
The 64-bit ROM and ROM Function Control section 
allow the DS2502 to operate as a 1-Wire device and fol- 
low the 1-Wire protocol detailed in the section "1-Wire 
Bus System". The memory functions required to read 
and program the EPROM sections of the DS2502 are 
not accessible until the ROM function protocol has been 
satisfied. This protocol is described in the ROM func- 
tions flow chart (Figure 9). The 1-Wire bus master must 
first provide one of four ROM function commands: 1) 
Read ROM, 2) Match ROM, 3) Search ROM, or 4) Skip 
ROM. After a ROM function sequence has been suc- 
cessfully executed, the bus master may then provide 
any one of the memory function commands specific to 
the DS2502 (Figure 6). 

The 1 -Wire CRC of the lasered ROM is generated using 
the polynomial X 8 + X 5 + X 4 + 1 . Figure 4 shows a hard- 
ware implementation of this CRC generator. Additional 
information about the Dallas Semiconductor 1-Wire 
Cyclic Redundancy Check is available in the Book of 
DS19xx Touch Memory Standards. The shift register 
acting as the CRC accumulator is initialized to zero. 
Then starting with the least significant bit of the family 
code, one bit at a time is shifted in. After the eighth bit of 
the family code has been entered, then the serial num- 
ber is entered. After the 48th bit of the serial number has 
been entered, the shift register contains the CRC value. 
Shifting in the eight bits of CRC should return the shift 
register to all zeroes. 
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DS2502 BLOCK DIAGRAM Figure 1 
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HIERARCHICAL STRUCTURE FOR 1-WIRE PROTOCOL Figure 2 
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1024-BIT EPROM 

The memory map in Figure 5 shows the 1024-bit 
EPROM section of the DS2502 which is configured as 
four pages of 32 bytes each. The 8-bit scratchpad is an 
additional register that acts as a buffer when program- 
ming the memory. Data is first written to the scratchpad 
and then verified by reading an 8-bit CRC from the 
DS2502 that confirms proper receipt of the data. If the 
buffer contents are correct, a programming voltage 
should be applied and the byte of data will be written into 
the selected address in memory. This process insures 
data integrity when programming the memory. The 
details for reading and programming the 1024-bit 
EPROM portion of the DS2502 are given in the Memory 
Function Commands section. 

EPROM STATUS BYTES 

In addition to the 1 024 bits of data memory the DS2502 
provides 64 bits of Status Memory accessible with sep- 
arate commands. 

The EPROM Status Bytes can be read or programmed 
to indicate various conditions to the software interrogat- 
ing the DS2502. The first byte of the EPROM Status 
Memory contains the Write Protect Page bits which 
inhibit programming of the corresponding page in the 
1024-bit main memory area if the appropriate write 
protection bit is programmed. Once a bit has been pro- 
grammed in the Write Protect Page byte, the entire 32 
byte page that corresponds to that bit can no longer be 
altered but may still be read. 

The next four bytes of the EPROM Status Memory con- 
tain the Page Address Redirection Bytes which indicate 
if one or more of the pages of data in the 1024-bit 
EPROM section have been invalidated and redirected 
to the page address contained in the appropriate 
redirection byte. The hardware of the DS2502 makes no 
decisions based on the contents of the Page Address 
Redirection Bytes. These additional bytes of Status 
EPROM allow for the redirection of an entire page to 
another page address, indicating that the data in the 
original page is no longer considered relevant or valid. 
With EPROM technology, bits within a page can be 
changed from a logical 1 to a logical by programming, 
but cannot be changed back. Therefore, it is not pos- 
sible to simply rewrite a page if the data requires chang- 
ing or updating, but with space permitting, an entire 
page of data can be redirected to another page within 



the DS2502 by writing the one's complement of the new 
page address into the Page Address Redirection Byte 
that corresponds to the original (replaced) page. 

This architecture allows the user's software to make a 
"data patch" to the EPROM by indicating that a particu- 
lar page or pages should be replaced with those indi- 
cated in the Page Address Redirection Bytes. 

If a Page Address Redirection Byte has a FFH value, the 
data in the main memory that corresponds to that page 
is valid. If a Page Address Redirection Byte has some 
other hex value, the data in the page corresponding to 
that redirection byte is invalid, and the valid data can 
now be found at the one's complement of the page 
address indicated by the hex value stored in the 
associated Page Address Redirection Byte. A value of 
FDH in the redirection byte for page 1 , for example, 
would indicate that the updated data is now in page 2. 
The details for reading and programming the EPROM 
status memories portion of the DS2502 is given in the 
Memory Function Commands section. 

MEMORY FUNCTION COMMANDS 

The "Memory Function Flowchart" (Figure 6) describes 
the protocols necessary for accessing the various data 
fields within the DS2502. The Memory Function Control 
section, 8-bit scratchpad, and the Program Voltage 
Detect circuit combine to interpret the commands 
issued by the bus master and create the correct control 
signals within the device. A three-byte protocol is 
issued by the bus master. It is comprised of a command 
byte to determine the type of operation and two address 
bytes to determine the specific starting byte location 
within a data field. The command byte indicates if the 
device is to be read or written. Writing data involves not 
only issuing the correct command sequence but also 
providing a 1 2 volt programming voltage at the appropri- 
ate times. To execute a write sequence, a byte of data is 
first loaded into the scratchpad and then programmed 
into the selected address. Write sequences always 
occur a byte at a time. To execute a read sequence, the 
starting address is issued by the bus master and data is 
read from the part beginning at that initial location and 
continuing to the end of the selected data field or until a 
reset sequence is issued. All bits transferred to the 
DS2502 and received back by the bus master are sent 
least significant bit first. 
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MEMORY FUNCTION FLOW CHART Figure 6 
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FUNCTION FLOW CHART (cont'd) Figure 6 
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MEMORY FUNCTION FLOW CHART (cont'd) Figure 6 
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READ MEMORY [FOH] 

The Read Memory command is used to read data from 
the 1 024-bit EPROM data field. The bus master follows 
the command byte with a two byte address 
(TA1=(T7:T0), TA2=(T15:T8)) that indicates a starting 
byte location within the data field. An 8-bit CRC of the 
command byte and address bytes is computed by the 
DS2502 and read back by the bus master to confirm that 
the correct command word and starting address were 
received. If the CRC read by the bus master is incorrect, 
a Reset Pulse must be issued and the entire sequence 
must be repeated. If the CRC received by the bus mas- 
ter is correct, the bus master issues read time slots and 
receives data from the DS2502 starting at the initial 
address and continuing until the end of the 1024-bit 
data field is reached or until a Reset Pulse is issued. If 
reading occurs through the end of memory space, the 
bus master may issue eight additional read time slots 
and the DS2502 will respond with an 8-bit CRC of all 
data bytes read from the initial starting byte through the 
last byte of memory. After the CRC is received by the 
bus master, any subsequent read time slots will appear 
as logical 1s until a Reset Pulse is issued. Any reads 
ended by a Reset Pulse prior to reaching the end of 
memory will not have the 8-bit CRC available. 

Typically a 1 6-bit CRC would be stored with each page 
of data to insure rapid, error-free data transfers that 
eliminate having to read a page multiple times to deter- 
mine if the received data is correct or not. (See Book of 
DS19xx Touch Memory Standards, Chapter 7 for the 
recommended file structure to be used with the 1-Wire 
environment.) If CRC values are imbedded within the 
data, a Reset Pulse may be issued atthe end of memory 
space during a Read Memory command. 

READ STATUS [AAH] 

The Read Status command is used to read data from 
the EPROM Status data field. The bus master follows 
the command byte with a two byte address 
(TA1=(T7:T0), TA2=(T15:T8)) that indicates a starting 
byte location within the data field. An 8-bit CRC of the 
command byte and address bytes is computed by the 
DS2502 and read back by the bus master to confirm that 
the correct command word and starting address were 
received. If the CRC read by the bus master is incorrect, 
a Reset Pulse must be issued and the entire sequence 
must be repeated. If the CRC received by the bus mas- 
ter is correct, the bus master issues read time slots and 
receives data from the DS2502 starting at the supplied 
address and continuing until the end of the EPROM Sta- 



tus data field is reached. At that point the bus master will 
receive an 8-bit CRC that is the result of shifting into the 
CRC generator all of the data bytes from the initial start- 
ing byte through the final factory-programmed byte that 
contains the OOh value. 

This feature is provided since the EPROM Status 
information may change over time making it impossible 
to program the data once and include an accompanying 
CRC that will always be valid. Therefore, the Read Sta- 
tus command supplies an 8-bit CRC that is based on 
and is always consistent with the current data stored in 
the EPROM Status data field. 

After the 8-bit CRC is read, the bus master will receive 
logical 1 s from the DS2502 until a Reset Pulse is issued. 
The Read Status command sequence can be exited at 
any point by issuing a Reset Pulse. 

READ DATA/GENERATE 8-BIT CRC [C3H] 

The Read Data/Generate 8-bit CRC command is used 
to read data from the 1 024-bit EPROM data field. The 
bus master follows the command byte with a two byte 
address (TA1=(T7:T0), TA2=(T15:T8)) that indicates a 
starting byte location within the data field. An 8-bit CRC 
of the command byte and address bytes is computed by 
the DS2502 and read back by the bus master to confirm 
that the correct command word and starting address 
were received. If the CRC read by the bus master is 
incorrect, a Reset Pulse must be issued and the entire 
sequence must be repeated. If the CRC received by the 
bus master is correct, the bus master issues read time 
slots and receives data from the DS2502 starting at the 
initial address and continuing until the end of a 32-byte 
page is reached. At that point the bus master will send 
eight additional read time slots and receive an 8-bit 
CRC that is the result of shifting into the CRC generator 
all of the data bytes from the initial starting byte to the 
last byte of the current page. Once the 8-bit CRC has 
been received, data is again read from the 1024-bit 
EPROM data field starting at the next page. This 
sequence will continue until the final page and its 
accompanying CRC are read by the bus master. Thus 
each page of data can be considered to be 33 bytes 
long, the 32 bytes of user-programmed EPROM data 
and an 8-bit CRC that gets generated automatically at 
the end of each page. 

This type of read differs from the Read Memory com- 
mand which simply reads each page until the end of 
address space is reached. The Read Memory com- 
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mand only generates an 8-bit CRC at the end of 
memory space that often might be ignored, since in 
many applications the user would store a 1 6-bit CRC 
with the data itself in each page of the 1 024-bit EPROM 
data field at the time the page was programmed. 

The Read Data/Generate 8-bit CRC command pro- 
vides an alternate read capability for applications that 
are "bit-oriented" rather than "page-oriented" where 
the 1 024-bit EPROM information may change overtime 
within a page boundary making it impossible to program 
the page once and include an accompanying CRC that 
willalways be valid. Therefore, the Read Data/Generate 
8-Bit CRC command concludes each page with the 
DS2502 generating and supplying an 8-bit CRC that is 
based on and therefore is always consistent with the 
current data stored in each page of the 1024-bit 
EPROM data field. After the 8-bit CRC of the last page 
is read, the bus master will receive logical 1s from the 
DS2502 until a Reset Pulse is issued. The Read Data/ 
Generate 8-Bit CRC command sequence can be exited 
at any point by issuing a Reset Pulse. 

WRITE MEMORY [OFH] 

The Write Memory command is used to program the 
1024-bit EPROM data field. The bus master will follow 
the command byte with a two byte starting address 
(TA1=(T7:T0), TA2=(T15:T8)) and a byte of data 
(D7:D0). An 8-bit CRC of the command byte, address 
bytes, and data byte is computed by the DS2502 and 
read back by the bus master to confirm that the correct 
command word, starting address, and data byte were 
received. 

If the CRC read by the bus master is incorrect, a Reset 
Pulse must be issued and the entire sequence must be 
repeated. If the CRC received by the bus master is cor- 
rect, a programming pulse (12 volts on the 1-Wire bus 
for 480 us) is issued by the bus master. Priorto program- 
ming, the entire unprogrammed 1024-bit EPROM data 
field will appear as logical 1s. For each bit in the data 
byte provided by the bus master that is set to a logical 0, 
the corresponding bit in the selected byte of the 
1 024-bit EPROM will be programmed to a logical after 
the programming pulse has been applied at that byte 
location. 

After the 480 \xs programming pulse is applied and the 
data line returns to a 5 volt level, the bus master issues 
eight read time slots to verify that the appropriate bits 
have been programmed. The DS2502 responds with 



the data from the selected EPROM address sent least 
significant bit first. This byte contains the logical AND of 
all bytes written to this EPROM data address. If the 
EPROM data byte contains 1 s in bit positions where the 
byte issued by the master contains 0s, a Reset Pulse 
should be issued and the current byte address should 
be programmed again. If the DS2502 EPROM data byte 
contains Os in the same bit positions as the data byte, 
the programming was successful and the DS2502 will 
automatically increment its address counter to select 
the next byte in the 1024-bit EPROM data field. The 
least significant byte of the new two-byte address will 
also be loaded into the 8-bit CRC generator as a start- 
ing value. The bus master will issue the next byte of data 
using eight write time slots. 

As the DS2502 receives this byte of data into the 
scratchpad, it also shifts the data into the CRC genera- 
tor that has been preloaded with the LSB of the current 
address and the result is an 8-bit CRC of the new data 
byte and the LSB of the new address. After supplying 
the data byte, the bus master will read this 8-bit CRC 
from the DS2502 with eight read time slots to confirm 
that the address incremented properly and the data byte 
was received correctly. If the CRC is incorrect, a Reset 
Pulse must be issued and the Write Memory command 
sequence must be restarted. If the CRC is correct, the 
bus master will issue a programming pulse and the 
selected byte in memory will be programmed. 

Note that the initial pass through the Write Memory flow 
chart will generate an 8-bit CRC value that is the result 
of shifting the command byte into the CRC generator, 
followed by the two address bytes, and finally the data 
byte. Subsequent passes through the Write Memory 
flow chart due to the DS2502 automatically increment- 
ing its address counter will generate an 8-bit CRC that 
is the result of loading (not shifting) the LSB of the new 
(incremented) address into the CRC generator and then 
shifting in the new data byte. 

For both of these cases, the decision to continue (to 
apply a program pulse to the DS2502) is made entirely 
by the bus master, since the DS2502 will not be able to 
determine if the 8-bit CRC calculated by the bus master 
agrees with the 8-bit CRC calculated by the DS2502. If 
an incorrect CRC is ignored and a program pulse is 
applied by the bus master, incorrect programming could 
occur within the DS2502. Also note that the DS2502 will 
always increment its internal address counter after the 
receipt of the eight read time slots used to confirm the 
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programming of the selected EPROM byte. The deci- 
sion to continue is again made entirely by the bus mas- 
ter, therefore if the EPROM data byte does not match 
the supplied data byte but the master continues with the 
Write Memory command, incorrect programming could 
occur within the DS2502. The Write Memory command 
sequence can be exited at any point by issuing a Reset 
Pulse. 

WRITE STATUS [55H] 

The Write Status command is used to program the 
EPROM Status data field. The bus master will follow the 
command byte with a two byte starting address 
(TA1 =(T7:T0), TA2=(T1 5:T8)) and a byte of status data 
(D7:D0). An 8-bit CRC of the command byte, address 
bytes, and data byte is computed by the DS2502 and 
read back by the bus master to confirm that the correct 
command word, starting address, and data byte were 
received. 

If the CRC read by the bus master is incorrect, a Reset 
Pulse must be issued and the entire sequence must be 
repeated. If the CRC received by the bus master is cor- 
rect, a programming pulse (12 volts on the 1-Wire bus 
for 480 (xs) is issued by the bus master. Prior to program- 
ming, the first seven bytes of the EPROM Status data 
field will appear as logical 1s. For each bit in the data 
byte provided by the bus master that is set to a logical 0, 
the corresponding bit in the selected byte of the EPROM 
Status data field will be programmed to a logical after 
the programming pulse has been applied at that byte 
location. The eighth byte of the EPROM Status Byte 
data field is factory-programmed to contain OOh. 

After the 480 (xs programming pulse is applied and the 
data line returns to a 5 volt level, the bus master issues 
eight read time slots to verify that the appropriate bits 
have been programmed. The DS2502 responds with 
the data from the selected EPROM Status address sent 
least significant bit first. This byte contains the logical 
AND of all bytes written to this EPROM Status Byte 
address. If the EPROM Status Byte contains 1s in bit 
positions where the byte issued by the master contained 
Os, a Reset Pulse should be issued and the current byte 
address should be programmed again. If the DS2502 
EPROM Status Byte contains Os in the same bit posi- 
tions as the data byte, the programming was successful 
and the DS2502 will automatically increment its address 



counter to select the next byte in the EPROM Status 
data field. The least significant byte of the new two-byte 
address will also be loaded into the 8-bit CRC generator 
as a starting value. The bus master will issue the next 
byte of data using eight write time slots. 

As the DS2502 receives this byte of data into the 
scratchpad, it also shifts the data into the CRC genera- 
tor that has been preloaded with the LSB of the current 
address and the result is an 8-bit CRC of the new data 
byte and the LSB of the new address. After supplying 
the data byte, the bus master will read this 8-bit CRC 
from the DS2502 with eight read time slots to confirm 
thatthe address incremented properly and the data byte 
was received correctly. If the CRC is incorrect, a Reset 
Pulse must be issued and the Write Status command 
sequence must be restarted. If the CRC is correct, the 
bus master will issue a programming pulse and the 
selected byte in memory will be programmed. 

Note that the initial pass through the Write Status flow 
chart will generate an 8-bit CRC value that is the result 
of shifting the command byte into the CRC generator, 
followed by the two address bytes, and finally the data 
byte. Subsequent passes through the Write Status flow 
chart due to the DS2502 automatically incrementing its 
address counter will generate an 8-bit CRC that is the 
result of loading (not shifting) the LSB of the new 
(incremented) address into the CRC generator and then 
shifting in the new data byte. 

For both of these cases, the decision to continue (to 
apply a program pulse to the DS2502) is made entirely 
by the bus master, since the DS2502 will not be able to 
determine if the 8-bit CRC calculated by the bus master 
agrees with the 8-bit CRC calculated by the DS2502. If 
an incorrect CRC is ignored and a program pulse is 
applied by the bus master, incorrect programming could 
occur within the DS2502. Also note that the DS2502 will 
always increment its internal address counter after the 
receipt of the eight read time slots used to confirm the 
programming of the selected EPROM byte. The deci- 
sion to continue is again made entirely by the bus mas- 
ter, therefore if the EPROM data byte does not match 
the supplied data byte but the master continues with the 
Write Status command, incorrect programming could 
occur within the DS2502. The Write Status command 
sequence can be ended at any point by issuing a Reset 
Pulse. 
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1-WIRE BUS SYSTEM 

The 1 -Wire bus is a system which has a single bus mas- 
ter and one or more slaves. In all instances, the DS2502 
is a slave device. The bus master is typically a micro- 
controller. The discussion of this bus system is broken 
down into three topics: hardware configuration, transac- 
tion sequence, and 1-Wire signalling (signal type and 
timing). A 1-Wire protocol defines bus transactions in 
terms of the bus state during specified time slots that are 
initiated on the falling edge of sync pulses from the bus 
master. For a more detailed protocol description , refer to 
Chapter 4 of the Book of DS1 9xx Touch Memory Stan- 
dards. 

Hardware Configuration 

The 1-Wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 
at the appropriate time. To facilitate this, each device 
attached to the 1-Wire bus must have an open drain 
connection or 3-state outputs. The DS2502 is an open 
drain part with an internal circuit equivalent to that 
shown in Figure 7. The bus master can be the same 
equivalent circuit. If a bidirectional pin is not available, 
separate output and input pins can be tied together. 

The bus master requires a pull-up resistor at the master 
end of the bus, with the bus master circuit equivalent to 
the one shown in Figures 8a and 8b. The value of the 
pull-up resistor should be approximately 5 kQ for short 
line lengths. 

A multidrop bus consists of a 1-Wire bus with multiple 
slaves attached. The 1-Wire bus has a maximum data 
rate of 16.3k bits per second. If the bus master is also 
required to perform programming of the EPROM por- 
tions of the DS2502, a programming supply capable of 
delivering up to 10 milliamps at 12 volts for 480 us is 
required. The idle state for the 1-Wire bus is high. If, for 
any reason, a transaction needs to be suspended, the 
bus MUST be left in the idle state if the transaction is to 
resume. If this does not occur and the bus is left low for 
more than 1 20 us, one or more of the devices on the bus 
may be reset. 



TRANSACTION SEQUENCE 

The sequence for accessing the DS2502 via the 1 -Wire 
port is as follows: 

• Initialization 

• ROM Function Command 

• Memory Function Command 

• Read/Write Memory/Status 

INITIALIZATION 

All transactions on the 1-Wire bus begin with an initial- 
ization sequence. The initialization sequence consists 
of a reset pulse transmitted by the bus master followed 
by a presence pulse(s) transmitted by the slave(s). 

The presence pulse lets the bus master know that the 
DS2502 is on the bus and is ready to operate. For more 
details, see the "1-Wire Signalling" section. 

ROM FUNCTION COMMANDS 

Once the bus master has detected a presence, it can 
issue one of the four ROM function commands. All ROM 
function commands are eight bits long. A list of these 
commands follows (refer to flowchart in Figure 9): 

Read ROM [33H] 

This command allows the bus master to read the 
DS2502's 8-bit family code, unique 48-bit serial num- 
ber, and 8-bit CRC. This command can be used only if 
there is a single DS2502 on the bus. If more than one 
slave is present on the bus, a data collision will occur 
when all slaves try to transmit at the same time (open 
drain will produce a wired-AND result). 

Match ROM [55H] 

The match ROM command, followed by a 64-bit ROM 
sequence, allows the bus master to address a specific 
DS2502 on a multidrop bus. Only the DS2502 that 
exactly matches the 64-bit ROM sequence will respond 
to the subsequent memory function command. All 
slaves that do not match the 64-bit ROM sequence will 
wait for a reset pulse. This command can be used with a 
single or multiple devices on the bus. 



051794 13/21 



DS2502 EQUIVALENT CIRCUIT Figure 7 
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ROM FUNCTIONS FLOW CHART Figure 9 
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Skip ROM [CCH] 

This command can save time in a single drop bus sys- 
tem by allowing the bus master to access the memory 
functions without providing the 64-bit ROM code. If 
more than one slave is present on the bus and a read 
command is issued following the Skip ROM command, 
data collision will occur on the bus as multiple slaves 
transmit simultaneously (open drain pull-downs will 
produce a wired-AND result). 

Search ROM [FOH] 

When a system is initially brought up, the bus master 
might not know the number of devices on the 1-Wire 
bus or their 64-bit ROM codes. The search ROM com- 
mand allows the bus master to use a process of elimina- 
tion to identify the 64-bit ROM codes of all slave devices 
on the bus. The ROM search process is the repetition of 
a simple 3-step routine: read a bit, read the complement 
of the bit, then write the desired value of that bit. The bus 
master performs this simple, 3-step routine on each bit 
of the ROM. After one complete pass, the bus master 
knows the contents of the ROM in one device. The 
remaining number of devices and their ROM codes may 
be identified by additional passes. See Chapter 5 of the 
Book of DS19xx Touch Memory Standards for a com- 
prehensive discussion of a ROM search, including an 
actual example. 

1-Wire Signalling 

The DS2502 requires strict protocols to insure data 
integrity. The protocol consists of five types of signalling 
on one line: Reset Sequence with Reset Pulse and 
Presence Pulse, Write 0, Write 1 , Read Data and Pro- 
gram Pulse. All these signals except presence pulse are 
initiated by the bus master. The initialization sequence 
required to begin any communication with the DS2502 
is shown in Figure 1 0. A reset pulse followed by a Pres- 
ence Pulse indicates the DS2502 is ready to accept a 
ROM command. The bus master transmits (TX) a reset 
pulse (tRSTi_. minimum 480 us). The bus master then 
releases the line and goes into receive mode (RX). The 
1-Wire bus is pulled to a high state via the pull-up resis- 
tor. After detecting the rising edge on the 1-Wire line, 
the DS2502 waits (t PDH , 1 5-60 \is) and then transmits 
the presence pulse (t PDL , 60-240 (is). 

Read/Write Time Slots 

The definitions of write and read time slots are illustrated 
in Figure 11. All time slots are initiated by the master 
driving the data line low. The falling edge of the data line 
synchronizes the DS2502 to the master by triggering a 



delay circuit in the DS2502. During write time slots, the 
delay circuit determines when the DS2502 will sample 
the data line. For a read data time slot, if a "0" is to be 
transmitted, the delay circuit determines how long the 
DS2502 will hold the data line low overriding the 1 gen- 
erated by the master. If the data bit is a "1", the Touch 
Memory will leave the read data time slot unchanged. 

PROGRAM PULSE 

To copy data from the 8-bit scratchpad to the 1 024-bit 
EPROM Memory or Status Memory, a program pulse of 
1 2 volts is applied to the data line after the bus master 
has confirmed that the CRC for the current byte is cor- 
rect. During programming, the bus master controls the 
transition from a state where the data line is idling high 
via the pull-up resistor to a state where the data line is 
actively driven to a programming voltage of 1 2 volts pro- 
viding a minimum of 10 mA of current to the DS2502. 
This programming voltage (Figure 12) should be 
applied for 480 |xs, after which the bus master returns 
the data line to an idle high state controlled by the 
pull-up resistor. Note that due to the high voltage pro- 
gramming requirements for any 1-Wire EPROM 
device, it is not possible to multi-drop non-EPROM 
based 1-Wire devices with the DS2502 during pro- 
gramming. An internal diode within the non-EPROM 
based 1-Wire devices will attempt to clamp the data line 
at approximately 8 volts and could potentially damage 
these devices. 

CRC GENERATION 

The DS2502 has an 8-bit CRC stored in the most signif- 
icant byte of the 64-bit ROM. The bus master can com- 
pute a CRC value from the first 56 bits of the 64-bit ROM 
and compare it to the value stored within the DS2502 to 
determine if the ROM data has been received error-free 
by the bus master. The equivalent polynomial function 
of this CRC is: X 8 + X s + X 4 + 1 . 

Under certain conditions, the DS2502 also generates 
an 8-bit CRC value using the same polynomial function 
shown above and provides this value to the bus master 
to validate the transfer of command, address, and data 
bytes from the bus master to the DS2502. The Memory 
Function Flow Chart of Figure 6 indicates that the 
DS2502 computes an 8-bit CRC for the command, 
address, and data bytes received for the Write Memory 
and the Write Status commands and then outputs this 
value to the bus master to confirm proper transfer. Simi- 
larly the DS2502 computes an 8-bit CRC for the com- 
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mand and address bytes received from the bus master 
for the Read Memory, Read Status, and Read Data/ 
Generate 8-Bit CRC commands to confirm that these 
bytes have been received correctly. The CRC generator 
on the DS2502 is also used to provide verification of 
error-free data transfer as each page of data from the 
1 024-bit EPROM is sent to the bus master during a 
Read Data/Generate 8-Bit CRC command, and for the 
eight bytes of information in the status memory field. 

In each case where a CRC is used for data transfer val- 
idation, the bus master must calculate a CRC value 
using the polynomial function given above and compare 
the calculated value to either the 8-bit CRC value stored 



in the 64-bit ROM portion of the DS2502 (for ROM 
reads) or the 8-bit CRC value computed within the 
DS2502. The comparison of CRC values and decision 
to continue with an operation are determined entirely by 
the bus master. There is no circuitry on the DS2502 that 
prevents a command sequence from proceeding if the 
CRC stored in or calculated by the DS2502 does not 
match the value generated by the bus master. Proper 
use of the CRC as outlined in the flow chart of Figure 6 
can result in a communication channel with a very high 
level of integrity. For more details on generating CRC 
values including example implementations in both hard- 
ware and software, see the Book of DS19xx Touch 
Memory Standards. 



INITIALIZATION PROCEDURE "RESET AND PRESENCE PULSES" Figure 10 
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., Vp ULLU p 
VPULLUP MIN 
V|i 




RESISTOR 

MASTER 

DS2502 



480 ( iS<t RS TL<°°* 

480 us < tRSTH < °° (includes recovery time) 
1 5 us < tpDH < 60 lis 
60 us < tpQL < 240 us 
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READ/WRITE TIMING DIAGRAM Figure 11 
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PROGRAM PULSE TIMING DIAGRAM Figure 12 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground -0.5V to +1 2.0V 

Operating Temperature -40°C to +85°C 

Storage Temperature -55°C to +1 25°C 

Soldering Temperature 260°C for 1 seconds 

* This is a stress rating only and functional operation of the device at these or any other conditions outside 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 

DC ELECTRICAL CHARACTERISTICS (V PUP =2.8V to 6.0V; -40°C to +85°C) 
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NOTES 
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AC ELECTRICAL CHARACTERISTICS (V PUP =2.8V to 6.0V; -40°C to +85°C) 
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UNITS 


NOTES 
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NOTES: 

1 . All voltages are referenced to ground. 

2. Vp UP = external pull-up voltage. 

3. Input load is to ground. 



5. Read data setup time refers to the time the host must pull the 1-Wire bus low to read a bit. Data is guaran- 
teed to be valid within 1 us of this falling edge and will remain valid for 14 us minimum. (15 us total from fal- 
ling edge on 1 -Wire bus.) 

6. V IH is a function of the external pull-up resistor and the V cc supply. 

7. 30 nanocoulombs per 72 time slots @ 5.0V. 

8. At Vcc=5.0V with a 5 kQ pullup to Vcc and a maximum time slot of 1 20 [is. 

9. Capacitance on the data pin could be 800 pF when power is first applied. If a 5 kQ resistor is used to pull up 
the data line to V C c. 5 us after power has been applied the parasite capacitance will not affect normal com- 
munications. 



10. Maximum 1-Wire voltage for programming parameters is 11.5V ± 0.5V; temperature range is -40°C to +85°C. 
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PRELIMINARY 



DALLAS 



DS2505 

16Kbit Add-Only Memory 



FEATURES 

• 16384-bits Electrically Programmable Read Only 
Memory (EPROM) communicates with the economy 
of one signal plus ground 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Built-in multidrop controller ensures compatibility 
with other MicroLAN™ products 

• EPROM partitioned into sixty-four 256-bit pages for 
randomly accessing packetized data records 

• Each memory page can be permanently write-pro- 
tected to prevent tampering 

• Device is an "add only" memory where additional data 
can be programmed into EPROM without disturbing 
existing data 

• Architecture allows software to patch data by super- 
seding an old page in favor of a newly programmed 
page 

• Reduces control, address, data, power, and program- 
ming signals to a single data pin 

• Directly connects to a single port pin of a microproces- 
sor and communicates at up to 1 6.3k bits per second 

• 8-bit family code specifies DS2505 communications 
requirements to reader 

• Presence detector acknowledges when the reader 
first applies voltage 

• Low cost PR35 or 8-pin SOIC surface mount pack- 



• Reads over a wide voltage range of 2.8V to 6.0V from 
-40°C to +85°C; programs at 11.5V ± 0.5V from 
-20°C to +50°C 



PIN ASSIGNMENT 

TO-92 




C-LEAD 



o o o 
z z z 
. n n n 



Q < O 
z 2 

TOP VIEW 
3.7X4.0X1.5 mm 



o a 




BOTTOM VIEW 

See Mech. Drawing 
Pg.340 



ORDERING INFORMATION 

DS2505 TO-92 Package 

DS2505P 6-pin C-lead Package 

DS2505T Tape & Reel version of DS2505 

DS2505V Tape & Reel version of DS2505P 

SILICON LABEL™ DESCRIPTION 

The DS2505 1 6K-bits Add-Only Memory identifies and 
stores relevant information about the product to which it 
is associated. This lot or product specific information 
can be accessed with minimal interface, for example a 
single port pin of a microcontroller. The DS2505 con- 
sists of a factory-lasered registration number that 
includes a unique 48-bit serial number, an 8-bit CRC, 
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and an 8-bit Family Code (OBH) plus 16K-bits of user- 
programmable EPROM. The power to program and 
read the DS2505 is derived entirely from the 1-Wire 
communication line. Data is transferred serially via the 
1-Wire protocol which requires only a single data lead 
and a ground return. The entire device can be pro- 
grammed and then write-protected if desired. Alterna- 
tively, the part may be programmed multiple times with 
new data being appended to, but not overwriting, exist- 
ing data with each subsequent programming of the 
device. Note: Individual bits can be changed only from a 
logical 1 to a logical 0, never from a logical to a logical 
1 . A provision is also included for indicating that a cer- 
tain page or pages of data are no longer valid and have 
been replaced with new or updated data that is now 
residing at an alternate page address. This page 
address redirection allows software to patch data and 
enhance the flexibility of the device as a standalone 
database. The 48-bit serial number that is factory- 
lasered into each DS2505 provides a guaranteed 
unique identity which allows for absolute traceability. 
The PR35 and SOIC packages provide a compact 
enclosure that allows standard assembly equipment to 
handle the device easily for attachment to printed circuit 
boards or wiring. Typical applications include storage of 
calibration constants, maintenance records, asset 
tracking, product revision status and access codes. 



OVERVIEW 

The block diagram in Figure 1 shows the relationships 
between the major control and memory sections of the 
DS2505. The DS2505 has three main data compo- 
nents: 1) 64-bit lasered ROM, 2) 16384-bits EPROM 
Data Memory, and 3) 704-bits EPROM Status Memory. 
The device derives its powerfor read operations entirely 
from the 1-Wire communication line by storing energy 
on an internal capacitor during periods of time when the 
signal line is high and continues to operate off of this 
"parasite" power source during the low times of the 
1-Wire line until it returns high to replenish the parasite 
(capacitor) supply. During programming, 1-Wire com- 
munication occurs at normal voltage levels and then is 
pulsed momentarily to the programming voltage to 
cause the selected EPROM bits to be programmed. The 
1 -Wire line must be able to provide 1 2 volts and 1 mil- 
liamperes to adequately program the EPROM portions 
of the part. Whenever programming voltages are pres- 
ent on the 1-Wire line a special high voltage detect cir- 
cuit within the DS2505 generates an internal logic signal 
to indicate this condition. The hierarchical structure of 
the 1-Wire protocol is shown in Figure 2. The bus mas- 



ter must first provide one of the four ROM Function 
Commands, 1) Read ROM, 2) Match ROM, 3) Search 
ROM, 4) Skip ROM. These commands operate on the 
64-bit lasered ROM portion of each device and can sin- 
gulate a specific device if many are present on the 
1-Wire line as well as indicate to the bus master how 
many and what types of devices are present. The proto- 
col required for these ROM Function Commands is 
described in Figure 8. After a ROM Function Command 
is successfully executed, the memory functions that 
operate on the EPROM portions of the DS2505 become 
accessible and the bus master may issue any one of the 
five Memory Function Commands specific to the 
DS2505 to read or program the various data fields. The 
protocol for these Memory Function Commands is 
described in Figure 5. All data is read and written least 
significant bit first. 

64-BIT LASERED ROM 

Each DS2505 contains a unique ROM code that is 64 
bits long. The first eight bits are a 1-Wire family code. 
The next 48 bits are a unique serial number. The last 
eight bits are a CRC of the first 56 bits. (See Figure 3.) 
The 64-bit ROM and ROM Function Control section 
allowthe DS2505 to operate as a 1-Wire device and fol- 
low the 1-Wire protocol detailed in the section "1-Wire 
Bus System". The memory functions required to read 
and program the EPROM sections of the DS2505 are 
not accessible until the ROM function protocol has been 
satisfied. This protocol is described in the ROM func- 
tions flow chart (Figure 8). The 1-Wire bus master must 
first provide one of four ROM function commands: 1) 
Read ROM, 2) Match ROM, 3) Search ROM, or 4) Skip 
ROM. After a ROM function sequence has been suc- 
cessfully executed, the bus master may then provide 
any one of the memory function commands specific to 
the DS2505 (Figure 5). 

The 1 -Wire CRC of the lasered ROM is generated using 
the polynomial X s + X 5 + X 4 + 1 . Additional information 
about the Dallas Semiconductor 1-Wire Cyclic Redun- 
dancy Check is available in the Book of DS1 9xx Touch 
Memory Standards. The shift register acting as the CRC 
accumulator is initialized to zero. Then starting with the 
least significant bit of the family code, one bit at a time is 
shifted in. After the eighth bit of the family code has been 
entered, then the serial number is entered. After the 
48th bit of the serial number has been entered, the shift 
register contains the CRC value. Shifting in the eight bits 
of CRC should return the shift register to all 2 
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DS2505 BLOCK DIAGRAM Figure 1 
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HIERARCHICAL STRUCTURE FOR 1-WIRE PROTOCOL Figure 2 
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16384-BITS EPROM 

The memory map in Figure 4 shows the 16384-bit 
EPROM section of the DS2505 which is configured as 
sixty-four pages of 32 bytes each. The 8-bit scratchpad 
is an additional register that acts as a buffer when pro- 
gramming the memory. Data is first written to the 
scratchpad and then verified by reading an 1 6-bit CRC 
from the DS2505 that confirms proper receipt of the data 
and address. If the buffer contents are correct, a pro- 
gramming voltage should be applied and the byte of 
data will be written into the selected address in memory. 
This process insures data integrity when programming 
the memory. The details for reading and programming 
the 1 6384-bit EPROM portion of the DS2505 are given 
in the Memory Function Commands section. 

EPROM STATUS BYTES 

In addition to the 1 6384 bits of data memory the DS2505 
provides 704 bits of Status Memory accessible with 
separate commands. 

The EPROM Status Bytes can be read or programmed 
to indicate various conditions to the software interrogat- 
ing the DS2505. The first eight bytes of the EPROM Sta- 
tus Memory (addresses 000 to 007H) contain the Write 
Protect Page bits which inhibit programming of the cor- 
responding page in the 16384-bit main memory area if 
the appropriate write protection bit is programmed. 
Once a bit has been programmed in the Write Protect 
Page section of the Status Memory, the entire 32 byte 
page that corresponds to that bit can no longer be 
altered but may still be read. 

The next eight bytes of the EPROM Status Memory 
(addresses 020 to 027H) contain the Write Protect bits 
which inhibit altering tne Page Address Redirection 
Byte corresponding to each page in the 1 6384-bit main 
memory area. 

The following eight bytes within the EPROM Status 
Memory (addresses 040 to 047H) are reserved for use 
by the Touch Memory Executive TMEX. Their purpose 
is to indicate which memory pages are already in use. 
Originally, all of these bits are unprogrammed, indicat- 
ing that the device does not store any data. As soon as 
data is written to any page of the device under control of 
TMEX, the bit inside this bitmap corresponding to that 
page will be programmed to 0, marking this page as 
used. These bits are application flags only and have no 
impact on the internal logic of the DS2505. 



The next sixty-four bytes of the EPROM Status Memory 
(addresses 100H to 13FH) contain the Page Address 
Redirection Bytes which indicate if one or more of the 
pages of data in the 1 6384-bit EPROM section have 
been invalidated by software and redirected to the page 
address contained in the appropriate redirection byte. 
The hardware of the DS2505 makes no decisions based 
on the contents of the Page Address Redirection Bytes. 
These additional bytes of Status EPROM allow for the 
redirection of an entire page to another page address, 
indicating that the data in the original page is no longer 
considered relevant or valid. With EPROM technology, 
bits within a page can be changed from a logical 1 to a 
logical by programming, but cannot be changed back. 
Therefore, it is not possible to simply rewrite a page if the 
data requires changing or updating, but with space per- 
mitting, an entire page of data can be redirected to 
another page within the DS2505 by writing the one's 
complement of the new page address into the Page 
Address Redirection Byte that corresponds to the origi- 
nal (replaced) page. 

This architecture allows the user's software to make a 
"data patch" to the EPROM by indicating that a particu- 
lar page or pages should be replaced with those indi- 
cated in the Page Address Redirection Bytes. To leave 
an authentic audit trail of data patches, it is recom- 
mended to also program the write protect bit of the Page 
Address Redirection Byte, after the page redirection is 
programmed. Without this protection, it is still possible 
to modify the Page Address Redirection Byte, making it 
point to a different memory page than the true one. 

If a Page Address Redirection Byte has a FFH value, the 
data in the main memory that corresponds to that page 
is valid. If a Page Address Redirection Byte has some 
other hex value, the data in the page corresponding to 
that redirection byte is invalid, and the valid data can 
now be found at the one's complement of the page 
address indicated by the hex value stored in the 
associated Page Address Redirection Byte. A value of 
FDH in the redirection byte for page 1 , for example, 
would indicate that the updated data is now in page 2. 
The details for reading and programming the EPROM 
status memory portion of the DS2505 are given in the 
Memory Function Commands section. 

The Status Memory address range of the DS2505 
extends from 000 to 1 3FH. The memory locations 008H 
to 01FH, 028H to 03FH, 048H to 0FFH and 140H to 
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7FFH are physically not implemented. Reading these 
locations will usually result in FFH bytes. Attempts to 
write to these locations will be ignored. If the bus master 
sends a starting address higher than 7FFH, the five 
most significant address bits are set to zeros by the 

DS2505 MEMORY MAP Figure 4 



internal circuitry of the chip. This will result in a mis- 
match between the CRC calculated by the DS2505 and 
the CRC calculated by the bus master, indicating an 
error condition. 
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MEMORY FUNCTION COMMANDS 

The "Memory Function Flow Chart" (Figure 5) describes 
the protocols necessary for accessing the various data 
fields within the DS2505. The Memory Function Control 
section, 8-bit scratchpad, and the Program Voltage 
Detect circuit combine to interpret the commands 
issued by the bus master and create the correct control 
signals within the device. A three-byte protocol is 
issued by the bus master. It is comprised of a command 
byte to determine the type of operation and two address 
bytes to determine the specific starting byte location 
within a data field. The command byte indicates if the 
device is to be read or written. Writing data involves not 
only issuing the correct command sequence but also 
providing a 12-volt programming voltage at the 
appropriate times. To execute a write sequence, a byte 
of data is first loaded into the scratchpad and then pro- 
grammed into the selected address. Write sequences 
always occur a byte at a time. To execute a read 
sequence, the starting address is issued by the bus 
master and data is read from the part beginning at that 
initial location and continuing to the end of the selected 
data field or until a reset sequence is issued. All bits 
transferred to the DS2505 and received back by the bus 
master are sent least significant bit first. 

READ MEMORY [FOH] 

The Read Memory command is used to read data from 
the 1 6384-bits EPROM data field. The bus master fol- 
lows the command byte with a two byte address 
(TA1=(T7:T0), TA2=(T15:T8)) that indicates a starting 
byte location within the data field. With every subse- 
quent read data time slot the bus master receives data 
from the DS2505 starting at the initial address and con- 
tinuing until the end of the 1 6384-bits data field is 
reached or until a Reset Pulse is issued. If reading 
occurs through the end of memory space, the bus mas- 
ter may issue sixteen additional read time slots and the 
DS2505 will respond with a 16-bit CRC of the com- 
mand, address bytes and all data bytes read from the 
initial starting byte through the last byte of memory. This 
CRC is the result of clearing the CRC generator and 
then shifting in the command byte followed by the two 
address bytes and the data bytes beginning at the first 
addressed memory location and continuing through to 
the last byte of the EPROM data memory. After the CRC 
is received by the bus master, any subsequent read time 
slots will appear as logical 1s until a Reset Pulse is 
issued. Any reads ended by a Reset Pulse prior to 
reaching the end of memory will not have the 1 6-bit 
CRC available. 



Typically a 1 6-bit CRC would be stored with each page 
of data to insure rapid, error-free data transfers that 
eliminate having to read a page multiple times to deter- 
mine if the received data is correct or not. (See Book of 
DS19xx Touch Memory Standards, Chapter 7 for the 
recommended file structure to be used with the 1-Wire 
environment.) If CRC values are imbedded within the 
data, a Reset Pulse may be issued at the end of memory 
space during a Read Memory command. 

READ STATUS [AAH] 

The Read Status command is used to read data from 
the EPROM Status data field. The bus master follows 
the command byte with a two byte address 
(TA1=(T7:T0), TA2=(T15:T8)) that indicates a starting 
byte location within the data field. With every subse- 
quent read data time slot the bus master receives data 
from the DS2505 starting at the supplied address and 
continuing until the end of an eight-byte page of the 
EPROM Status data field is reached. At that point the 
bus master will receive a 1 6-bit CRC of the command 
byte, address bytes and status data bytes. This CRC is 
computed by the DS2505 and read back by the bus 
master to check if the command word, starting address 
and data were received correctly. If the CRC read by the 
bus master is incorrect, a Reset Pulse must be issued 
and the entire sequence must be repeated. 

Note that the initial pass through the Read Status flow 
chart will generate a 1 6-bit CRC value that is the result 
of clearing the CRC generator and then shifting in the 
command byte followed by the two address bytes, and 
finally the data bytes beginning at the first addressed 
memory location and continuing through to the last byte 
of the addressed EPROM Status data page. The last 
byte of a Status data page always has an ending 
address of xx7 or xxFH. Subsequent passes through 
the Read Status flow chart will generate a 16-bit CRC 
that is the result of clearing the CRC generator and then 
shifting in the new data bytes starting at the first byte of 
the next page of the EPROM Status data field. 

This feature is provided since the EPROM Status 
information may change overtime making it impossible 
to program the data once and include an accompanying 
CRC that will always be valid. Therefore, the Read Sta- 
tus command supplies a 16-bit CRC that is based on 
and always is consistent with the current data stored in 
the EPROM Status data field. 
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MEMORY FUNCTION FLOW CHART Figure 5 
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MEMORY FUNCTION FLOW CHART (cont'd) Figure 5 
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After the 16-bit CRC of the last EPROM Status data 
page is read, the bus master will receive logical 1s from 
the DS2505 until a Reset Pulse is issued. The Read Sta- 
tus command sequence can be ended at any point by 
issuing a Reset Pulse. 

EXTENDED READ MEMORY [A5H] 

The Extended Read Memory command supports page 
redirection when reading data from the 16384-bit 
EPROM data field. One major difference between the 
Extended Read Memory and the basic Read Memory 
command is that the bus master receives the Redirec- 
tion Byte first before investing time in reading data from 
the addressed memory location. This allows the bus 
master to quickly decide whether to continue and 
access the data at the selected starting page or to termi- 
nate and restart the reading process at the redirected 
page address. A non-redirected page is identified by a 
Redirection Byte with a value of FFH (see description of 
EPROM Status Bytes). If the Redirection Byte is differ- 
ent than this, the master has to complement it to obtain 
the new page number. Multiplying the page number by 
32 (20H) results in the new address the master has to 
send to the DS2505 to read the updated data replacing 
the old data. There is no logical limitation in the number 
of redirections of any page. The only limit is the number 
of available memory pages within the DS2505. 

In addition to page redirection, the Extended Read 
Memory command also supports "bit-oriented" applica- 
tions where the user cannot store a 1 6-bit CRC with the 
data itself. With bit-oriented applications the EPROM 
information may change over time within a page bound- 
ary making it impossible to include an accompanying 
CRC that will always be valid. Therefore, the Extended 
Read Memory command concludes each page with the 
DS2505 generating and supplying a 1 6-bit CRC that is 
based on and therefore always consistent with the cur- 
rent data stored in each page of the 1 6384-bit EPROM 
data field. 

After having sent the command code of the Extended 
Read Memory command, the bus master follows the 
command byte with a two byte address (TA1=(T7:T0), 
TA2=(T15:T8)) that indicates a starting byte location 
within the data field. By sending eight read data time 
slots, the master receives the Redirection Byte 
associated with the page given by the starting address. 
With the next sixteen read data time slots, the bus mas- 



ter receives a 16-bit CRC of the command byte, 
address bytes and the Redirection Byte. This CRC is 
computed by the DS2505 and read back by the bus 
master to check if the command word, starting address 
and Redirection Byte were received correctly. 

If the CRC read by the bus master is incorrect, a Reset 
Pulse must be issued and the entire sequence must be 
repeated. If the CRC received by the bus master is cor- 
rect, the bus master issues read time slots and receives 
data from the DS2505 starting at the initial address and 
continuing until the end of a32-byte page is reached. At 
that point the bus master will send sixteen additional 
read time slots and receive a 1 6-bit CRC that is the 
result of shifting into the CRC generator all of the data 
bytes from the initial starting byte to the last byte of the 
current page. 

With the next 24 read data time slots the master will 
receive the Redirection Byte of the next page followed 
by a 1 6-bit CRC of the Redirection Byte. After this, data 
is again read from the 16384-bit EPROM data field 
starting at the beginning of the new page. This 
sequence will continue until the final page and its 
accompanying CRC are read by the bus master. 

The Extended Read Memory command provides a 
1 6-bit CRC at two locations within the transaction flow 
chart: 1) after the Redirection Byte and 2) at the end of 
each memory page. The CRC at the end of the memory 
page is always the result of clearing the CRC generator 
and shifting in the data bytes beginning at the first 
addressed memory location of the EPROM data page 
until the last byte of this page. The CRC received by the 
bus master directly following the Redirection Byte, is 
calculated in two different ways. With the initial pass 
through the Extended Read Memory flow chart the 
16-bit CRC value is the result of shifting the command 
byte into the cleared CRC generator, followed by the two 
address bytes and the Redirection Byte. Subsequent 
passes through the Extended Read Memory flow chart 
will generate a 1 6-bit CRC that is the result of clearing 
the CRC generator and then shifting in the Redirection 
Byte only. 

After the 16-bit CRC of the last page is read, the bus 
master will receive logical 1s from the DS2505 until a 
Reset Pulse is issued. The Extended Read Memory 
command sequence can be exited at any point by issu- 
ing a Reset Pulse. 
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WRITE MEMORY [0FH]/SPEED WRITE 
MEMORY [F3] 

The Write Memory command is used to program the 
1 6384-bit EPROM data field. The bus master will follow 
the command byte with a two byte starting address 
(TA1=(T7:T0), TA2=(T15:T8)) and a byte of data 
(D7:D0). A 1 6-bit CRC of the command byte, address 
bytes, and data byte is computed by the DS2505 and 
read back by the bus master to confirm that the correct 
command word, starting address, and data byte were 
received. 

The highest starting address within the DS2505 is 
07FFH. If the bus master sends a starting address 
higher than this, the five most significant address bits 
are set to zero by the internal circuitry of the chip. This 
will result in a mismatch between the CRC calculated by 
the DS2505 and the CRC calculated by the bus master, 
indicating an error condition. 

If the CRC read by the bus master is incorrect, a Reset 
Pulse must be issued and the entire sequence must be 
repeated. If the CRC received by the bus master is cor- 
rect, a programming pulse (12 volts on the 1-Wire bus 
for 480 us) is issued by the bus master. Prior to program- 
ming, the entire unprogrammed 16384-bit EPROM 
data field will appear as logical 1s. For each bit in the 
data byte provided by the bus master that is set to a log- 
ical 0, the corresponding bit in the selected byte of the 
1 6384-bit EPROM will be programmed to a logical 
after the programming pulse has been applied at that 
byte location. 

After the 480 us programming pulse is applied and the 
data line returns to the idle level, the bus master issues 
eight read time slots to verify that the appropriate bits 
have been programmed. The DS2505 responds with 
the data from the selected EPROM address sent least 
significant bit first. This byte contains the logical AND of 
all bytes written to this EPROM data address. If the 
EPROM data byte contains 1 s in bit positions where the 
byte issued by the master contained Os, a Reset Pulse 
should be issued and the current byte address should 
be programmed again. If the DS2505 EPROM data byte 
contains Os in the same bit positions as the data byte, 
the programming was successful and the DS2505 will 
automatically increment its address counter to select 
the next byte in the 16384-bit EPROM data field. The 
new two- byte address will also be loaded into the 1 6-bit 
CRC generator as a starting value. The bus master will 
issue the next byte of data using eight write time slots. 



As the DS2505 receives this byte of data into the 
scratchpad, it also shifts the data into the CRC genera- 
tor that has been preloaded with the current address 
and the result is a 1 6-bit CRC of the new data byte and 
the new address. After supplying the data byte, the bus 
master will read this 1 6-bit CRC from the DS2505 with 
sixteen read time slots to confirm that the address 
incremented properly and the data byte was received 
correctly. If the CRC is incorrect, a Reset Pulse must be 
issued and the Write Memory command sequence must 
be restarted. If the CRC is correct, the bus master will 
issue a programming pulse and the selected byte in 
memory will be programmed. 

Note that the initial pass through the Write Memory flow 
chart will generate a 1 6-bit CRC value that is the result 
of shifting the command byte into the CRC generator, 
followed by the two address bytes, and finally the data 
byte. Subsequent passes through the Write Memory 
flow chart due to the DS2505 automatically increment- 
ing its address counter will generate a 1 6-bit CRC that 
is the result of loading (not shifting) the new (increm- 
ented) address into the CRC generator and then shifting 
in the new data byte. 

For both of these cases, the decision to continue (to 
apply a program pulse to the DS2505) is made entirely 
by the bus master, since the DS2505 will not be able to 
determine if the 1 6-bit CRC calculated by the bus mas- 
ter agrees with the 16-bit CRC calculated by the 
DS2505. If an incorrect CRC is ignored and a program 
pulse is applied by the bus master, incorrect program- 
ming could occur within the DS2505. Also note that the 
DS2505 will always increment its internal address 
counter afterthe receipt of the eight read time slots used 
to confirm the programming of the selected EPROM 
byte. The decision to continue is again made entirely by 
the bus master, therefore if the EPROM data byte does 
not match the supplied data byte but the master contin- 
ues with the Write Memory command, incorrect pro- 
gramming could occur within the DS2505. The Write 
Memory command sequence can be ended at any point 
by issuing a Reset Pulse. 

To save time when writing more than one consecutive 
byte of the DS2505's data memory it is possible to omit 
reading the 1 6-bit CRC which allows verification of data 
and address before the data is copied to the EPROM 
memory. This saves 16 time slots or 976 us for every 
byte to be programmed. This speed-programming 
mode is accessed with the command code F3H instead 
of OFH. It follows basically the same flow chart as the 
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Write Memory command, but skips sending the CRC 
immediately preceding the program pulse. This com- 
mand should only be used if the electrical contact 
between bus master and the DS2505 is firm since a 
poor contact may result in corrupted data inside the 
EPROM memory. 

WRITE STATUS [55H]/SPEED WRITE 
STATUS [F5] 

The Write Status command is used to program the 
EPROM Status data field. The bus master will follow the 
command byte with a two byte starting address 
(TA1 ={T7:T0), TA2=(T1 5:T8)) and a byte of status data 
(D7:D0). A 16-bit CRC of the command byte, address 
bytes, and data byte is computed by the DS2505 and 
read back by the bus master to confirm that the correct 
command word, starting address, and data byte were 
received. 

If the CRC read by the bus master is incorrect, a Reset 
Pulse must be issued and the entire sequence must be 
repeated. If the CRC received by the bus master is cor- 
rect, a programming pulse (12 volts on the 1-Wire bus 
for 480 us) is issued by the bus master. Priorto program- 
ming, the EPROM Status data field will appear as logical 
1s. For each bit in the data byte provided by the bus 
master that is set to a logical 0, the corresponding bit in 
the selected byte of the EPROM Status data field will be 
programmed to a logical after the programming pulse 

After the 480 us programming pulse is applied and the 
data line returns to the idle level, the bus master issues 
eight read time slots to verify that the appropriate bits 
have been programmed. The DS2505 responds with 
the data from the selected EPROM Status address sent 
least significant bit first. This byte contains the logical 
AND of all bytes written to this EPROM Status Byte 
address. If the EPROM Status Byte contains 1s in bit 
positions where the byte issued by the master contained 
0s, a Reset Pulse should be issued and the current byte 
address should be programmed again. If the DS2505 
EPROM Status byte contains Os in the same bit posi- 
tions as the data byte, the programming was successful 
and the DS2505 will automatically increment its address 
counter to select the next byte in the EPROM Status 
data field. The new two- byte address will also be loaded 
into the 1 6-bit CRC generator as a starting value. The 
bus master will issue the next byte of data using eight 
write time slots. 



As the DS2505 receives this byte of data into the 
scratchpad, it also shifts the data into the CRC genera- 
tor that has been preloaded with the current address 
and the result is a 1 6-bit CRC of the new data byte and 
the new address. After supplying the data byte, the bus 
master will read this 1 6-bit CRC from the DS2505 with 
sixteen read time slots to confirm that the address 
incremented properly and the data byte was received 
correctly. If the CRC is incorrect, a Reset Pulse must be 
issued and the Write Status command sequence must 
be restarted. If the CRC is correct, the bus master will 
issue a programming pulse and the selected byte in 
memory will be programmed. 

Note that the initial pass through the Write Status flow 
chart will generate a 1 6-bit CRC value that is the result 
of shifting the command byte into the CRC generator, 
followed by the two address bytes, and finally the data 
byte. Subsequent passes through the Write Status flow 
chart due to the DS2505 automatically incrementing its 
address counter will generate a 16-bit CRC that is the 
result of loading (not shifting) the new (incremented) 
address into the CRC generator and then shifting in the 
new data byte. 

For both of these cases, the decision to continue (to 
apply a program pulse to the DS2505) is made entirely 
by the bus master, since the DS2505 will not be able to 
determine if the 16-bit CRC calculated by the bus mas- 
ter agrees with the 16-bit CRC calculated by the 
DS2505. If an incorrect CRC is ignored and a program 
pulse is applied by the bus master, incorrect program- 
ming could occur within the DS2505. Also note that the 
DS2505 will always increment its internal address 
counter after the receipt of the eight read time slots used 
to confirm the programming of the selected EPROM 
byte. The decision to continue is again made entirely by 
the bus master, therefore if the EPROM data byte does 
not match the supplied data byte but the master contin- 
ues with the Write Status command, incorrect program- 
ming could occur within the DS2505. The Write Status 
command sequence can be ended at any point by issu- 
ing a Reset Pulse. 

To save time when writing more than one consecutive 
byte of the DS2505's status memory it is possible to omit 
reading the 1 6-bit CRC which allows verification of data 
and address before the data is copied to the EPROM 
memory. This saves 16 time slots or 976 us for every 
byte to be programmed. This speed-programming 
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mode is accessed with the command code F5H instead 
of 55H. It follows basically the same flow chart as the 
Write Status command, but skips sending the 
immediately preceding the program pulse. This com- 
mand should only be used if the electrical contact 
between bus master and the DS2505 is firm since a 
poor contact may result in corrupted data inside the 
EPROM status memory. 



tions of the DS2505, a programming supply capable of 
delivering up to 10 milliamps at 12 volts for 480 us is 
"he idle state for the 1 -Wire bus is high. If, for 
any reason, a transaction needs to be suspended, the 
bus MUST be left in the idle state if the transaction is to 
resume. If this does not occur and the bus is left low for 
more than 1 20 (xs, one or more of the devices on the bus 
may be reset. 




1-WIRE BUS SYSTEM 

The 1 -Wire bus is a system which has a single bus mas- 
ter and one or more slaves. In all instances, the DS2505 
is a slave device. The bus master is typically a micro- 
controller. The discussion of this bus system is broken 
down into three topics: hardware configuration, transac- 
tion sequence, and 1-Wire signalling (signal type and 
timing). A 1-Wire protocol defines bus transactions in 
terms of the bus state during specified time slots that are 
initiated on the falling edge of sync pulses from the bus 
master. For a more detailed protocol description, referto 
Chapter 4 of the Book of DS1 £ 
dards. 

Hardware Configuration 

The 1-Wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 
at the appropriate time. To facilitate this, each device 
attached to the 1-Wire bus must have an open drain 
connection or 3-state outputs. The DS2505 is an open 
drain part with an internal circuit equivalent to that 
shown in Figure 6. The bus master can be the same 
equivalent circuit. If a bidirectional pin is not available, 
separate output and input pins can be tied together. 

The bus master requires a pull-up resistor at the master 
end of the bus, with the bus master circuit equivalent to 
the one shown in Figures 7a and 7b. The value of the 
pull-up resistor should be approximately 5 kQ for short 
line lengths. 

A multidrop bus consists of a 1-Wire bus with multiple 
slaves attached. The 1-Wire bus has a maximum data 
rate of 1 6.3k bits per second. If the bus master is also 
required to perform programming of the EPROM por- 



Transaction Sequence 

The sequence for accessing the DS2505 via the 1 -Wire 
port is as follows: 

• Initialization 

• ROM Function Command 



Memory Function Command 




INITIALIZATIOr. 

All transactions on the 1-Wire bus begin with an initial- 
ization sequence. The initialization sequence consists 
of a reset pulse transmitted by the bus master followed 
by a presence pulse(s) transmitted by the slave(s). 



The presence pulse lets the bus master know that the 
DS2505 is on the bus and is ready to operate. For more 
details, see the "1-Wire i 



ROM FUNCTION COMMANDS 

Once the bus master has detected a presence, it can 
issue one of the four ROM function commands. All ROM 
function commands are eight bits long. A list of these 
commands follows (refer to flowchart in Figure 8): 

Read ROM [33H] 

This command allows the bus master to read the 
DS2505's 8-bit family code, unique 48-bit serial num- 
ber, and 8-bit CRC. This command can be used only if 
there is a single DS2505 on the bus. If more than one 
slave is present on the bus, a data collision will occur 
when all slaves try to transmit at the same time (open 
drain will produce a wired-AND result). 
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DS2505 EQUIVALENT CIRCUIT Figure 6 



RX 



100Q M 

MOSFET 

V Ground 



• Data 



1 I** 
M » Typ. 



) Typ. 



BUS MASTER CIRCUIT Figure 7 



Vdd 



A) Open Drain 



BUS MASTER 



V DD 



12V 

o 



DS5000 OR 8051 EQUIVALENT 



Open Drain 
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Vdd 



•10kQ 



5 kQ 
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Si |D 
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PGM 



if 



VP0300L 

OR 
VP0106N3 



1 



2N7000 



S1 10 



To data connection 
of DS2505 



470 pF 

Capacitor added to reduce 
coupling on data line due to 
programming signal switching 



2N7000 



B) Standard TTL 



| BUS MASTER 



TTL-Equivalent 
Port Pins 



Vdd (lOmAmin.) 



5kQ 




PROGRAMMING PULSE 



To data connection 
of DS2505 
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ROM FUNCTIONS FLOW CHART Figure 8 



MASTER T x 
RESET PULSE 







DS2505 T x 
PRESENCE 
PULSE 




DS2505 T x FAMILY 
CODE 
1 BYTE 



1 



MASTER T x BIT 




DS2505 T x BIT 



DS2505 T x BIT 



MASTER T x BIT 



DS2505 T x 
SERIAL NUMBER 
6 BYTES 




'■ 




R3l 



MASTER T x BIT 1 



MASTER T x BIT 63 




DS2505 T x BIT 1 



DS2505 T x BIT 1 



MASTER T x BIT 1 




DS2505 T x BIT 63 



DS2505 T x BIT 63 



MASTER T x BIT 63 




' 



(SEE FIGURE 5) 
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Match ROM [55H] 

The match ROM command, followed by a 64-bit ROM 
sequence, allows the bus master to address a specific 
DS2505 on a multidrop bus. Only the DS2505 that 
exactly matches the 64-bit ROM sequence will respond 
to the subsequent memory function command. All 
slaves that do not match the 64-bit ROM sequence will 
wait for a reset pulse. This command can be used with a 
single or multiple devices on the bus. 

Skip ROM [CCH] 

This command can save time in a single drop bus sys- 
tem by allowing the bus master to access the memory 
functions without providing the 64-bit ROM code. If 
more than one slave is present on the bus and a read 
command is issued following the Skip ROM command, 
data collision will occur on the bus as multiple slaves 
transmit simultaneously (open drain pull-downs will 
produce a wired-AND result). 

■ 

Search ROM [FOH] 

When a system is initially brought up, the bus master 
might not know the number of devices on the 1-Wire 
bus or their 64-bit ROM codes. The search ROM com- 
mand allows the bus master to use a process of elimina- 
tion to identify the 64-bit ROM codes of all slave devices 
on the bus. The ROM search process is the repetition of 
a simple 3-step routine: read a bit, read the complement 
of the bit, then write the desired value of that bit. The bus 
master performs this simple, 3-step routine on each bit 
of the ROM. After one complete pass, the bus master 
knows the contents of the ROM in one device. The 
remaining number of devices and their ROM codes may 
be identified by additional passes. See Chapter 5 of the 
Book of DS19xx Touch Memory Standards for a com- 
prehensive discussion of a ROM search, including an 
actual example. 

1-Wire Signalling 

The DS2505 requires strict protocols to insure data 
integrity. The protocol consists of five types of signalling 
on one line: Reset Sequence with Reset Pulse and 
Presence Pulse, Write 0, Write 1 , Read Data and Pro- 
gram Pulse. All these signals except presence pulse are 
initiated by the bus master. The initialization sequence 



required to begin any communication with the DS2505 
is shown in Figure 9. A reset pulse followed by a pres- 
ence pulse indicates the DS2505 is ready to accept a 
ROM command. The bus master transmits (TX) a reset 
pulse (tRSTb minimum 480 \is). The bus master then 
releases the line and goes into receive mode (RX). The 
1-Wire bus is pulled to a high state via the pull-up resis- 
tor. After detecting the rising edge on the data pin, the 
DS2505 waits (t PD H. 1 5-60 us) and then transmits the 
presence pulse (tpnu 60-240 us). 



Read/Write Time Slots 

The definitions of write and read time slots are illustrated 
in Figure 1 0. All time slots are initiated by the master 
driving the data line low. The falling edge of the data line 
synchronizes the DS2505 to the master by triggering a 
delay circuit in the DS2505. During write time slots, the 
delay circuit determines when the DS2505 will sample 
the data line. For a read data time slot, if a "0" is to be 
transmitted, the delay circuit determines how long the 
DS2505 will hold the data line low overriding the 1 gen- 
erated by the master. If the data bit is a "1 ", the Touch 
Memory will leave the read data time slot unchanged. 

PROGRAM PULSE 

To copy data from the 8-bit scratchpad to the EPROM 
Data or Status Memory, a program pulse of 1 2 volts is 
applied to the data line after the bus master has con- 
firmed that the CRC for the current byte is correct. Dur- 
ing programming, the bus master controls the transition 
from a state where the data line is idling high via the 
pull-up resistor to a state where the data line is actively 
driven to a programming voltage of 1 2 volts providing a 
minimum of 1 mA of current to the DS2505. This pro- 
gramming voltage (Figure 1 1 ) should be applied for 480 
US, after which the bus master returns the data line to an 
idle high state controlled by the pull-up resistor. Note 
that due to the high voltage programming requirements 
for any 1-Wire EPROM device, it is not possible to mul- 
ti-drop non-EPROM based 1-Wire devices with the 
DS2505 during programming. An internal diode within 
the non-EPROM based 1-Wire devices will attempt to 
clamp the data line at approximately 8 volts and could 
potentially damage these devices. 
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INITIALIZATION PROCEDURE "RESET AND PRESENCE PULSES" Figure 9 

MASTER R X "PRESENCE PULSE- 



RESISTOR 

MASTER 

DS2505 




480(iS<t R sTL<°°* 

480 us < t R sTH < °° (includes recovery time) 
1 5 US < tpQH < 60 us 
60 us < t PDL < 240 us 



* In order not to mask interrupt signalling by other devices on the 1-Wire bus, t R sTL * l R should always be less than 
960 us. 



READ/WRITE TIMING DIAGRAM Figui 
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187 



051794 1 8/23 



DS2505 



READ/WRITE TIMING DIAGRAM (cont'd) Figure 10 
Write-zero Time Slot 
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PROGRAM PULSE TIMING DIAGRAM Figure 11 
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CRC GENERATION 

With the DS2505 there are two different types of CRCs 
(Cyclic Redundancy Checks). One CRC is a 8-bit type 
and is stored in the most significant byte of the 64-bit 
ROM. The bus master can compute a CRC value from 
the first 56 bits of the 64-bit ROM and compare it to the 
value stored within the DS2505 to determine if the ROM 
data has been received error-free by the bus master. 
The equivalent polynomial function of this CRC is: X 8 + 
X 5 + X 4 + 1 . This 8-bit CRC is received in the true (non- 
inverted) form when reading the ROM of the DS2505. It 
is computed once at the factory and lasered into the 
ROM. 

The other CRC is a 1 6-bit type, generated according to 
the standardized CRC 1 6-polynomial function X 1 6 + X 1 5 
+ X 2 + 1 . This CRC is used to safeguard user-defined 
EPROM data when reading data memory or status 
memory. It is the same type of CRC as is used with 
NVRAM based Touch Memories to safeguard data 
packets of the Touch Memory File Structure. In contrast 
to the 8-bit CRC, the 16-bit CRC is always returned in 
the complemented (inverted) form. A CRC-generator 
inside the DS2505 chip (Figure 12) will calculate a new 
16-bit CRC at every situation shown in the command 
flow chart of Figure 5. 

The DS2505 provides this CRC-value to the bus mas- 
ter to validate the transfer of command, address, and 
data to and from the bus master. When reading the data 
memory of the DS2505 with the Read Memory com- 
mand, the 1 6-bit CRC is only transmitted as the end of 
the memory is reached. This CRC is generated by clear- 
ing the CRC generator, shifting in the command, low 
address, high address and every data byte starting at 
the first addressed memory location and continuing until 
the end of the implemented data memory is reached. 

When reading the status memory with the Read Status 
command, the 1 6-bit CRC is transmitted when the end 
of each 8-byte page of the status memory is reached. At 
the initial pass through the Read Status flow chart the 
1 6-bit CRC will be generated by clearing the CRC gen- 
erator, shifting in the command byte, low address, high 
address and the data bytes beginning at the first 
addressed memory location and continuing until the last 
byte of the addressed EPROM Status data page is 
reached. Subsequent passes through the Read Status 
flow chart will generate a 1 6-bit CRC that is the result of 



clearing the CRC generator and then shifting in the new 
data bytes starting at the first byte of the next page of the 
EPROM Status data field and continuing until the last 
byte of the page is reached. 

When reading the data memory of the DS2505 with the 
Extended Read Memory command, there are two situa- 
tions where a 16-bit CRC is transmitted. One 16-bit 
CRC follows each Redirection Byte, another 16-bit 
CRC is received after the last byte of a memory data 
page is read. The CRC at the end of the memory page is 
always the result of clearing the CRC generator and 
shifting in the data bytes beginning at the first addressed 
memory location of the EPROM data page until the last 
byte of this page. The CRC received by the bus master 
directly following the Redirection Byte, is calculated in 
two different ways. With the initial pass through the 
Extended Read Memory flow chart the 16-bit CRC 
value is the result of shifting the command byte into the 
cleared CRC generator, followed by the two address 
bytes and the Redirection Byte. Subsequent passes 
through the Extended Read Memory flow chart will gen- 
erate a 1 6-bit CRC that is the result of clearing the CRC 
generator and then shifting in the Redirection Byte only. 

When writing to the DS2505 (either data memory or sta- 
tus memory), the bus master receives a 1 6-bit CRC to 
verify the correctness of the data transfer before apply- 
ing the programming pulse. With the initial pass through 
the Write Memory/Status flow chart the 1 6-bit CRC will 
be generated by clearing the CRC-generator, shifting in 
the command, address low, address high and the data 
byte. Subsequent passes through the Write Memory/ 
Status flow chart due to the DS2505 automatically incre- 
menting its address counter will generate an 16-bit 
CRC that is the result of loading (not shifting) the new 
(incremented) address into the CRC generator and then 
shifting in the new data byte. 

The comparison of CRC values and decision to con- 
tinue with an operation are determined entirely by the 
bus master. There is no circuitry on the DS2505 that pre- 
vents acommand sequence from proceeding if the CRC 
stored in or calculated by the DS2505 does not match 
the value generated by the bus master. For more details 
on generating CRC values including example imple- 
mentations in both hardware and software, see the 
Book of DS1 9xx Touch Memory Standards. 
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CRC-16 HARDWARE DESCRIPTION AND POLYNOMIAL Figure 122 
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* This is a stress rating only and functional operation of the device at these or any other conditions outside 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CHARACTERISTICS (V PUP =2.8V to 6.0V; -40°C to +85°C) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Logic 1 


V, H 






V C c +0-3 


V 


1 ,6 


Logic 


V|L 


-0.3 





+0.8 


V 


1 


Output Logic Low @4 mA 


Vol 




I 


0.4 


V 


1 


Output Logic High 


Voh 




VpuP 


6.0 


V 


1,2 




Input Load Current 


II 




5 




[lA 


3 


Operating Charge 


Qop 






30 


nC 


7,8 


Programming Voltage @ 10 mA 


Vpp 


11.0 


11.5 


12.0 


V 




CAPACITANCE 












(t A =25°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Data (1 -Wire) 


ClN/OUT 






800 


PF 


9 


AC ELECTRICAL CHARACTERISTICS 




(V PUP =2.8V to 6.0V; -40°C to +85°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Time Slot 


tSLOT 


60 




120 


M* 




Write 1 Low Time 


*L0W1 


1 




15 


us 




Write Low Time 


t|_OW0 


60 




120 


us 




Read Data Valid 


tRDV 


exactly 1 5 


|IS 




Release Time 


^RELEASE 





15 


45 


fiS 




Read Data Setup 


tsu 






1 


|tS 


5 


Recovery Time 


tREC 


1 






us 




Reset Time High 


tRSTH 


480 






US 


4 


Reset Time Low 


4 RSTL 


480 






|J.S 




Presence Detect High 


tpDHIGH 


15 




60 


us 




Presence Detect Low 


tpDLOW 


60 




240 


fiS 




Delay to Program 


<DP 


5 






!*S 


10 


Delay to Verify 


tDV 


5 






(IS 


10 


Program Pulse Width 


tpp 


480 






US 


10 


Program Voltage Rise Time 


tRP 


5 






us 


10 


Program Voltage Fall Time 


tFP 


5 






MS 


10 



ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground -0.5V to +1 2.0V 

Operating Temperature -40°C to +85°C 

Storage Temperature -55°C to +1 25°C 

Soldering Temperature 260°C for 1 seconds 




DS2505 



NOTES: 

1 . All voltages are referenced to ground. 

2. Vpnp = external pull-up voltage. 

3. Input load is to ground. 

4. An additional reset or communication sequence cannot begin until the reset high time has expired. 

5. Read data setup time refers to the time the host must pull the 1-Wire bus low to read a bit. Data is guaran- 
teed to be valid within 1 us of this falling edge and will remain valid for 1 4 \xs minimum. (1 5 us total from fal- 
ling edge on 1-Wire bus.) 

6. V|h is a function of the external pull-up resistor and the Vcc supply. 

7. 30 nanocoulombs per 72 time slots @ 5.0V. 

8. At Vcc=5.0V with a 5 kQ pullup to Vcc and a maximum time slot of 1 20 |xs. 

9. Capacitance on the data pin could be 800 pF when power is first applied. If a 5 kQ resistor is used to pull up 
the data line to Vcc. 5 MS after power has been applied the parasite capacitance will not affect normal com- 
munications. 

10. Maximum 1-Wire voltage for programming parameters is 11 .5V ± 0.5V; temperature range is -20°C to +50°C. 
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DS2506 

64Kbit Add-Only Memory 



FEATURES 

• 65536-bits Electrically Programmable Read Only 
Memory (EPROM) communicates with the economy 
of one signal plus ground 

• Unique, factory-lasered and tested 64— bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 



PIN ASSIGNMENT 



because no two parts are alike 

Built-in multidrop controller ensures 
with other MicroLAN™ products 



• EPROM partitioned into two hundred fifty-six 256-bit 
pages for randomly 
records 

• Each memory page can be permanently write-pro- 
tected to prevent tampering 

• Device is an "add only" memory where additional data 
can be programmed into EPROM without disturbing 
existing data 

• Architecture allows software to patch data by super- 
seding an old page in favor of a newly programmed 
page 

• Reduces control, address, data, power, and program- 
ming signals to a single data pin 

• Directly connects to a single port pin of a microproces- 
sor and communicates at up to 1 6.3k bits per second 

• 8-bit family code specifies DS2506 communications 
requirements to reader 



• Presence detector acknowledges when 
first applies voltage 

• Low cost PR35 package 



Reads over a wide voltage range of 2.8V to 6.0V from 
-40°C to +85°C; programs at 11.5V ± 0.5V from 
-20°C to +50°C 



PR35 



■ 



■ 




a < o 
z t z 




BOTTOM VIEW 



ORDERING INFORMATION 



DS2506 



PR35 package 



SILICON LABEL™ DESCRIPTION 

The DS2506 Add-Only Memory operates nearly identi- 
cally to the DS2505. The main differences are: 64K bit of 
memory organized as 256 pages of 32 bytes and a fam- 
ily code of OF hexadecimal. For further details please 
refer to the DS2505 data sheet. 



Copyright © 1 
Printed in U.S.A. 
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SEMICONDUCTOR 



DS2405 

Addressable Switch 



FEATURES 

• Open drain PIO pin is controlled by matching 64-bit, 
laser-engraved registration number associated with 
each device 

• Logic level of open drain output can be determined 
over 1-Wire bus for closed-loop control 

• PIO pin sink capability is greater than 4 mA at 0.4V 

• Multiple DS2405's can be identified on a common 
1-Wire bus and be turned on or off independent of 
other devices on the bus 

• Unique, factory-lasered and tested 64— bit registra- 
tion number (8-bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute identity 
because no two parts are alike 

• Built-in multidrop controller ensures compatibility 
with other MicroLAN™ products 

• Reduces control, address, data, and powerto a single 
data pin 

• Directly connects to a single port pin of a microproces- 
sor and communicates at up to 1 6.3kbits/s 

• 8-bit family code specifies DS2405 communications 
requirements to reader 

• 8-bit cyclic redundancy check ensures error-free 
selection 

• Zero standby power required 

• Low cost TO-92.SOT-223, or 6-pin C-Lead surface 
mount package 

• 1-Wire communication operates over a wide voltage 
range of 2.8V to 6.0V from -40°C to +85°C 



ORDERING INFORMATION 

DS2405 TO-92 package 

DS2405Z 4-pin SOT-223 package 

DS2405P 6-pin C-lead package 

DS2405T Tape & Reel version of DS2405 

DS2405Y Tape & Reel version of DS2405Z 

DS2405V Tape & Reel version of DS2405P 



PIN ASSIGNMENT 

TO-92 



C-LEAD PACKAGE 




o o o 
z z z 
. n n n . 



TOP VIEW 
3.7 X 4.0 X 1.5 mm 



SOT-223 
1 



1 2 3 





BOTTOM VIEW 
See Mech. Drawing 
Pg. 340 

PIN DESCRIPTION 

Pin 1 - Ground 
Pin 2 - Data 
Pin 3 - PIO 
Pin 4 - Ground 



TOP VIEW 
ech. Dra 
3 g. 344 



See Mech. Drawing 



C-LEAD 

Pin 1 - Ground 

Pin 2 - Data 

Pin 3 - PIO 

Pin 4-6 - No Connect 



O PIO 



DATA 

O 



1-WIRE 
PROTOCOL 



PIO 

I 



DATA 



groundV 



GROUND 
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SILICON LABEL™ DESCRIPTION 

The DS2405 Addressable Switch is an open drain 
N-channel transistor that can be turned on or off by 
matching the 64-bit factory-lasered registration num- 
ber within each part. The 64-bit number consists of an 
8-bit family code, a unique 48-bit serial number, and an 
8-bit cyclic redundancy check. Communication with 
the DS2405 follows the standard Dallas Semiconductor 
1-Wire protocol and can be accomplished with a single 
port pin of a microcontroller. Multiple DS2405 devices 
can reside on a common 1-Wire bus creating a Micro- 
Lan™ . The network controller circuitry is embedded 
within the chip including a search algorithm to determine 
the identity of each DS2405 on the network. The open 
drain output (PIO pin) for each DS2405 on the MicroLan 
can be independently toggled on or off whether there is 
one or many devices sharing the same 1-Wire bus. The 
logic level of the PIO pin for each device on the Micro- 
Lan can also be individually sensed and reported to the 
bus master. 

OVERVIEW 

The DS2405 Addressable Switch provides a means for 
assigning an electronically readable identification to a 
particular node or location with additional control capa- 
bility provided by an open-drain N-channel MOSFET 
that can be remotely switched and sensed via commu- 
nication over the 1-Wire bus. The DS2405 contains a 
factory-lasered registration number that includes a 
unique 48-bit serial number, an 8-bit CRC, and an 8-bit 
family code (05h). The 64-bit ROM portion of the 
DS2405 not only creates an absolutely unique elec- 
tronic identification for the device itself but also is a 
means to locate and change or obtain the state of the 
switch that is associated with the 64-bit ROM. The 
structure of the 64-bit ROM is shown in Figure 1 . The 
device derives its power entirely from the 1 -Wire bus by 
storing energy on an internal capacitor during periods of 
time when the signal line is high and continues to oper- 
ate off of this "parasite" power source during the low 
times of the 1-Wire line until it returns high to replenish 
the parasite (capacitor) supply. The DS2405 uses the 
standard Dallas Semiconductor 1-Wire protocol for 
data transfers, with all data being read and written least 
significant bit first. Communication to and from the 
DS2405 requires a single bidirectional line that is typi- 
cally the port pin of the microcontroller. The 1 -Wire bus 
master (microcontroller) must first issue one of five 

DS2405 MEMORY MAP Figure 1 



8-Bit CRC Code 



MSB LSB 



ROM function commands: 1) Read ROM, 2) Match 
ROM, 3) Search ROM, 4) Skip ROM, and 5) Active- 
Only Search ROM. These commands operate on the 
64-bit lasered ROM portion of each device and can sin- 
gulate a specific device if many are present on the 
1-Wire line as well as indicate to the bus how many and 
what type of each device is present. The protocol 
required for these ROM function commands is described 
in Figure 4. After a ROM function command is success- 
fully executed, the open-drain output can be toggled or 
its current status determined via the 1-Wire bus. 

1-WIRE BUS SYSTEM 

The 1-Wire bus is a system which has a single bus mas- 
ter and one or more slaves. In all instances, the DS2405 
is a slave device. The bus master is typically a microcon- 
troller. The discussion of this bus system is broken down 
into three topics: hardware configuration, transaction 
sequence, and 1-Wire signaling (signal type and timing). 
For a more detailed protocol description, refer to Chapter 
4 of the Book of DS1 9xx Touch Memory Standards. 

Hardware Configuration 

The 1-Wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 
at the appropriate time. To facilitate this, each device 
attached to the 1-Wire bus must have an open drain 
connection or 3-state outputs. The DS2405 is an open 
drain part with an internal circuit equivalent to that 
shown in Figure 2. The bus master can be the same 
equivalent circuit. If a bidirectional pin is not available, 
separate output and input pins can be tied together. The 
bus master requires a pull-up resistor at the master end 
of the bus, with the bus master circuit equivalent to the 
one shown in Figure 3. The value of the pull-up resistor 
should be approximately 5 kQ for short line lengths. A 
multidrop bus consists of a 1-Wire bus with multiple 
slaves attached. The 1-Wire bus has a maximum data 

The idle state for the 1-Wire bus is high. If, for any rea- 
son, a transaction needs to be suspended, the bus 
MUST be left in the idle state if the transaction is to 
resume. If this does not occur and the bus is left low for 
more than 1 20 us, one or more of the devices on the bus 
may be reset. In addition, the state of the PIO pin for one 
or more of the DS2405S on the bus may return to its 
default (off) condition. 
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DS2405 EQUIVALENT CIRCUIT Figure 2 

DATA 



5mA 
TYP. 



PIO 



<r 



1-WIRE 
PROTOCOL 



CONTROL 



100Q 
MOSFET 



100Q 
MOSFET 



GROUND 



BUS MASTER CIRCUIT Figure 3 



A) Open Drain 

VPD 

| BUS MASTER 



DS5000 OR 8051 EQUIVALENT 
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TRANSACTION SEQUENCE 

The sequence for accessing the DS2405 via the 1 -Wire 
port is as follows: 

• Initialization 

• ROM Function Command 

• Read Data 

INITIALIZATION 

All transactions on the 1-Wire bus begin with an initial- 
ization sequence. The initialization sequence consists 
of a reset pulse transmitted by the bus master followed 
by a presence pulse(s) transmitted by the slave(s). 

The presence pulse lets the bus master know that at 
least one DS2405 is on the bus and is ready to operate. 
For more details, see the "1-Wire Signalling" section. 



ROM FUNCTION COMMANDS 

Once the bus master has detected a presence, it can is- 
sue one of five ROM function commands. All ROM func- 
tion commands are eight bits long. A list of these com- 
mands follows (refer to flowchart in Figure 4): 

Read ROM [33h] 

This command allows the bus master to read the 
DS2405's 8-bit family code, unique 48-bit serial number, 
and 8-bit CRC. This command can be used only if there 
is a single DS2405 on the bus. If more than one slave is 
present on the bus, a data collision will occur when all 
slaves try to transmit at the same time (open drain will 
produce a wired-AND result). 

Match ROM [55h] 

The Match ROM command, followed by a 64-bit ROM 
sequence, allows the bus master to address a specific 
device on a multidrop bus. All devices that do not match 
the 64-bit ROM sequence will wait for a reset pulse. The 
DS2405 that exactly matches the 64-bit ROM 
sequence will toggle the state of its PIO pin after the 64th 
bit of the match is entered. If the open-drain N-channel 
device was off, it will be turned on and vice versa. After 
the last bit of the ROM sequence is received from the 
bus master and the PIO pin of the selected DS2405 has 
toggled, additional read time slots issued by the bus 
master will cause the DS2405 to output the logic state of 
its PIO pin onto the 1-Wire bus. If the pulldown is on and 
the PIO pin is a logical 0, the DS2405 will respond with 
read time slots. If the pulldown is off and the PIO pin is 
a logical 1 (external pullup is required), the DS2405 will 



respond with read 1 time slots. Each additional read 
time slot issued by the bus master will continue to indi- 
cate the state of the PIO pin until a reset pulse is 
received from the bus master. 

Search ROM [FOh] 

When a system is initially interrogated, the bus master 
may not know the number of devices on the 1 -Wire bus 
or their 64-bit ROM codes. The Search ROM command 
allows the bus master to use a process of elimination to 
identify the 64-bit ROM codes of all slave devices on the 
bus. This process of elimination involves repeated 
application of a simple three-step procedure where the 
bus master starts by reading a bit position in the 64-bit 
ROM, followed by reading the complement of that bit 
position, and finally writing to all the devices still 
involved in the search the desired logic value for that bit 
position. An example is shown below and a flowchart for 
the search algorithm can be found in the "Book of 
DS1 9xx Touch Memory Standards." 

Four devices are connected to the 1-Wire bus. Their 
binary ROM contents are: 

device 1: xxxxxx10101100 
device 2: xxxxxxOI 01 01 01 
device 3: xxxxxxl 01 01 1 1 1 
device 4: xxxxxxl 0001 000 

The x's represent the higher remaining bits. Shown are 
the lowest eight bits of the ROM contents. The least sig- 
nificant bit is to the right in this representation. The 
search process runs as follows: 

1. The master begins the initialization sequence by 
issuing a Reset Pulse. The Touch Memories 
respond by issuing Presence pulses. 

2. The master will then issue the Search ROM com- 

3. The master reads one bit from the 1 -Wire bus. Each 
device will respond by placing the value of the first 
bit of its respective ROM data onto the 1-Wire bus. 
Devices 1 and 4 will place a onto the 1-Wire bus; 
that is, they pull it low. Devices 2 and 3 will send a 1 
by allowing the line to stay high. The result is the log- 
ical AND of all devices on the line; therefore the mas- 
ter reads a 0. The master will issue another read time 
slot. Since the ROM Search command is being 
executed, all devices respond to this second read by 
placing the complement of the first bit of their respec- 
tive ROM data onto the 1-Wire Bus. Devices 1 and 
4 will send a 1 ; devices 2 and 3 will send a 0. Thus 
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the 1-Wire bus will be pulled low. The master again 
reads a for the complement of the first ROM data 
bit. This tells the master that there are devices on the 
bus that have a in the first position and others that 
have a 1 . If all devices had a in this bit position, the 
reading would be 01 ; if the bit position contained a 
1 , the result would be 1 0. (Note that the 1 1 condition 
indicates that no devices are present on the 1-Wire 
bus.) 

4. The master now decides to write a on the 1-Wire 
bus. This deselects Devices 2 and 3 for the remain- 
der of the search pass, leaving only devices 1 and 
4 participating in the search process. 

5. The master performs two more reads and receives 
a followed by a 1 bit. This indicates that all active 
devices have a in this bit position of their ROM. 

6. The master then writes a to keep devices 1 and 4 
selected. 

7. The master executes two reads and receives two 
bits. This again indicates that both 1 and exist as 
the third bit of the ROM of the active devices. 

8. The master again writes a 0. This deselects device 
1 , leaving device 4 as the only active device. 

9. Subsequent reads to the end of the ROM will not 
show bit conflicts. Therefore, they directly tell the 
master the ROM contents of the active device. After 
having learned any new ROM bit, the master has to 
resend this bit to keep the device selected. As soon 
as all ROM bits of the device are known and the last 
bit is resent by the master, the device is ready to out- 
put the state of the PIO pin using additional read time 
slots. 

1 0. The master must learn the other devices' ROM data. 
Therefore, it starts another ROM Search sequence 
by repeating steps 1 through 7. 

11 . At the highest bit position, where the master wrote 
a at the first pass (step 8), it now writes a 1 . This 
deselects device 4, leaving device 1 active. 

12. As in step 9, subsequent reads to the end of the 
ROM will not show bit conflicts. This completes the 
second ROM Search pass where the master has 
learned another ROM's contents. 

13. The master must learn the other devices' ROM data. 
Therefore, it starts another ROM Search sequence 
by repeating steps 1 to 3. 



1 4. At the second highest bit position where the master 
wrote a at the first pass (step 4), it now writes a 1 . 
This deselects devices 1 and 4, leaving devices 2 
and 3 active. 

. 

1 5. The master sends two read time slots and receives 
two bits, indicating a bit conflict. 

16. The master again decides to write a 0. This dese- 
lects device 3, leaving device 2 as the only active 
device. 

1 7. As in step 9, subsequent reads to the end of the 
ROM will not show bit conflicts. This completes the 
third ROM Search pass where the master has 
learned another ROM's contents. 

1 8. The master must learn the other devices' ROM data. 
Therefore it starts another ROM Search sequence 
by repeating steps 1 3 to 1 5. 

1 9. At the highest bit position where the master wrote a 
at the previous pass (step 1 6) , it now writes a 1 . This 
deselects device 2, leaving device 3 active. 

20. As in step 1 7, subsequent reads to the end of the 
ROM will not show bit conflicts. This completes the 
fourth ROM Search pass where the master has 
learned another ROM's contents. 

After one complete pass, the bus master knows the con- 
tents of the 64-bit ROM in one device. Subsequent 
passes will reveal the total number of devices and their 
individual ROM codes. In addition, after each complete 
pass of the search that successfully determines the 
64-bit ROM for a specific device on the multidrop bus, 
that particular device can be individually accessed as if 
a Match ROM has been issued since all other devices 
will have dropped out of the search process and are 
waiting for a reset pulse. The DS2405 that was discov- 
ered by the search process will not toggle the state of its 
PIO pin at the end of the search, but additional read time 
slots issued by the bus master after the search is com- 
pleted will cause the DS2405 to output the logic state of 
its PIO pin onto the 1 -Wire bus. If the pulldown is on and 
the PIO pin is a logical 0, the DS2405 will respond with 
read time slots. If the pulldown is off and the PIO pin is 
a logical 1 (external pullup is required), the DS2405 will 
respond with read 1 time slots. Each additional read 
time slot issued by the bus master will continue to indi- 
cate the state of the PIO pin until a reset pulse is 
received from the bus master. The combination of 
Match ROM and Search ROM allows the user to change 
the state of the PIO pin and report the current state 
(Match ROM) or simply report the current state of the 
PIO pin without changing it (Search ROM). 
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Active-Only Search ROM [ECh] 

The Active-Only Search ROM command operates simi- 
larly to the Search ROM command except that only 
devices with their output pulldown turned on are allowed 
to participate in the search. This provides an efficient 
means for the bus master to determine devices on a mul- 
tidrop system that are active (PIO pin driven low). After 
each pass of the active-only search that successfully 
determines the 64— bit ROM for a specific device on the 
multidrop bus with its output pulldown turned on, that par- 
ticular device can be individually accessed as if a Match 
ROM had been issued since all other devices will have 
dropped out of the active-only search process and are 
waiting for a reset pulse. The DS2405 that was discov- 
ered by the active-only search process will not toggle the 
state of its PIO pin at the end of the search, but additional 
read time slots issued by the bus master after the search 
is completed will cause the DS2405 to output the logic 
state of its internal CONTROL signal (see Figure 2) onto 
the 1-wire bus. Since the Active-Only Search ROM 
command only operates on devices with their pulldown 
on, the internal CONTROL signal for each of these parts 
is always a logical 1 . With CONTROL=1 , the selected 
DS2405 will respond to the bus master with read time 
slots after an active-only search pass is successfully 
completed. Each additional read time slot issued by the 
bus master will continue to appear as a read until a reset 
pulse is received from the bus master. If the CONTROL 
signal is a logical for any DS2405, that device will not 
participate in the Active-Only Search. The combination 
of Search ROM and Active-Only Search ROM allows the 
user to search in the most efficient manner depending on 
the requirements. If the bus master interrogates a multi- 
drop system comprised of DS2405s whose PIO condi- 
tions are unknown, the Active-Only Search can quickly 
determine which devices are turned on. The two com- 
mands also allow the bus master to separately determine 
the state of the PIO pin and the internal CONTROL signal 
which may be useful in detecting certain conditions. If 
Search ROM returns read time slots (PIO=logical 0) for 
a given device, it may be due to that particular DS2405 
driving its PIO pin low, or under certain conditions the log- 
ical may be caused by some other device holding PIO 
low. If that same device is found using an active-only 
search, CONTROL must be a logical 1 and the PIO pin is 
being held low by the DS2405. If that same device is not 
found using an active-only search, CONTROL must be a 
logical and the PIO pin is being held low by some other 
device or perhaps a fault condition such as a PIO shorted 
to ground. A second fault condition may be detected if 
Search ROM for a given device returns read 1 time slots 



(PIO=logical 1) but Active-Only Search ROM is success- 
ful (CONTROL=logical 1) and returns read time slots for 
the same device, indicating the possibility that PIO may 
be shorted to a positive voltage. 

Skip ROM [CCh] 

The complete 1-Wire protocol for all Dallas Semicon- 
ductor Touch Memories contains a Skip ROM com- 
mand. Since the DS2405 contains only the 64-bit ROM 
with no additional data fields, the Skip ROM is not appli- 
cable and will cause no further activity on the 1-Wire 
bus if executed. The DS2405 does not interfere with 
other 1-Wire parts on a multidrop bus that do respond to 
a Skip ROM (for example, a DS2405 and DS1 994 on the 
same bus). 



1-WIRE SIGNALLING 

The DS2405 requires strict protocols to insure data in- 
tegrity. The protocol consists of four types of signalling 
on one line: reset sequence with Reset Pulse and Pres- 
ence Pulse, write 0, write 1 and read data. All these sig- 
nals except presence pulse are initiated by the bus mas- 
ter. 



The initialization sequence required to begin any com- 
munication with the DS2405 is shown in Figure 5. A re- 
set pulse followed by a presence pulse indicates the 
DS2405 is ready to send or receive data given the cor- 
rect ROM command. 

iter transmits (Tx) a reset pulse Orstl. 
us). The bus master then releases the 
line and goes into receive mode (Rx). The 1-Wire bus is 
pulled to a high state via the 5 kQ pull-up resistor. After 
detecting the rising edge on the data pin, the DS2405 
waits (tpoH. 1 5-60 |xs) and then transmits the presence 
I (tpoL. 60-240 us). 



READ/WRITE TIME SLOTS 

The definitions of write and read time slots are illustrated 
in Figure 6. All time slots are initiated by the master driv- 
ing the data line low. The falling edge of the data line 
synchronizes the DS2405 to the master by triggering a 
delay circuit in the DS2405. During write time slots, the 
delay circuit determines when the DS2405 will sample 
the data line. For a read data time slot, if a "0" is to be 
transmitted, the delay circuit determines how long the 
DS2405 will hold the data line low overriding the 1 gen- 
erated by the master. If the data bit is a "1", the Touch 
y will leave the read data time slot unchanged. 
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ROM FUNCTIONS FLOW CHART Figure 4 
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ROM FUNCTIONS FLOW CHART (cont'd) Figure 4 
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INITIALIZATION PROCEDURE "RESET AND PRESENCE PULSES" Figure 5 



MASTER T x "RESET PULSE" 



. . Vpullup 
VPULLUP MIN 
V|H MIN 

VlLMAX 

ov 



MASTER R x "PRESENCE PULSE" 



4^ 



tRSTL ■ 



tR 



—* tpDH 



' tRSTH " 



1 



480 US < tp,sTL < oo * 

480 us < t RS TH < oo (includes recovery time) 

15us<t PDH <60us 

60 us < t PDL < 240 us 



' In order not to mask interrupt signalling by other devices on the 1 -Wire bus, t R sTL + *R should always be less than 
960 us. 



READ/WRITE TIMING DIAGRAM Figure 6 
Write-one Time Slot 
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READ/WRITE TIMING DIAGRAM (cont'd) Figure 6 
Write— zero Time Slot 



,, VpilLLUP 
VPULLUP MIN 
VlH MIN 



VlLMAX 
OV 



Read-data Time Slot 




CRC GENERATION 

To validate the data transmitted from the DS2405, the 
bus master may generate a CRC value from the data as 
it is received. This generated value is compared to the 
value stored in the last eight bits of the DS2405. If the 
two CRC values match, the transmission is error— free. 

The equivalent polynomial function of this CRC is: 
CRC = x 8 + x 5 + x 4 + 1 

For more details, see the Book of DS19xx Touch 
Memory Standards. 

LOT QUANTITIES AND CUSTOM DS2405 

The DS2405 is available in registered whole lots sealed 
in tamper-detecting cartons with the beginning number 
and range which that particular lot spans specified on 



the label. Nominal lot size is 4,200 pieces with devices 
packed in either 500-piece bags or mounted on reels for 
use by automatic assembly equipment. 

The DS2405 can be made available with a custom brand 
on the package which provides a human-readable repre- 
sentation of the factory-lasered 64-bit ROM code inside. 
Additional customization of a portion of the unique 48-bit 
serial number by the customer is available. Dallas Semi- 
conductor will register and assign a specific customer ID 
in the 1 2 most significant bits of the 48-bit field. The next 
most significant bits are selectable by the customer as a 
starting value, and the least significant bits are non-se- 
lectable and will be automatically incremented by one. 
Certain quantities and conditions apply for these special 
order parts. Contact your Dallas Semiconductor sales 
s for more information. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 
Solder Temperature 



-0.5V to +7.0V 
-40°C to +85°C 
-55°Cto+125°C 
260°C for 10 seconds 



* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



DC ELECTRICAL CHARACTERISTICS 



(-40°C to +85°C; V PUP =2.8V to 6.0V) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Logic 1 


V| H 


2.2 




V C c +0-3 


V 


1,6, 10 


Logic 


V|L 


-0.3 




+0.8 


V 


1 


Output Logic Low @4 mA 


Vol 






0.4 


V 


1 


Output Logic High 


V H 




VpUP 


6.0 


V 


1,2 


Input Load Current (DATA pin) 


II 




5 




MA 


3 


Input Resistance (PIO pin) 


Ir 


10 






MQ 


11 


Operating Charge 


Qop 






30 


nC 


7,8 


CAPACITANCE (t A = 25°C) 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Capacitance DATA pin 


C D 






800 


PF 


9 


Capacitance PIO pin 


Cp 






10 


PF 




AC ELECTRICAL CHARACTERISTICS (-40°C to +85°C; V PUP =2.£ 




IV to 6.0V) 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Time Slot 


*SLOT 


60 




120 


MS 




Write 1 Low Time 




tl_OW1 


1 




15 


us 




Write Low Time 


tLOWO 


60 




120 


(IS 




Read Data Valid 


tRDV 


exactly 15 


pa 







Release Time 


^RELEASE 





15 


45 


MS 




Read Data Setup 


*SU 






1 


|iS 


5 


Recovery Time 


tREC 


1 






MS 




Reset Time High 


tRSTH 


480 






(IS 


4 


Reset Time Low 


tRSTL 


480 






JiS 




Presence Detect High 


tpDHIGH 


15 




60 


MS 




Presence Detect Low 
I 


tpDLOW 


60 




240 


(is 
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NOTES: 

1 . All voltages are referenced to ground. 

2. Vpup = external pull-up voltage. 

3. Input load is to ground. 

4. An additional reset or communication sequence cannot begin until the reset high time has expired. 

5. Read data setup time refers to the time the host must pull the 1-Wire bus low to read a bit. Data is guaran- 
teed to be valid within 1 us of this falling edge and will remain valid for 14 \is minimum (15 us total from falling 
edge on 1-Wire bus). 

6. Vih is a function of the external pull-up resistor and the Vcc supply. 

7. 30 nanocoulombs per 72 time slots @ 5.0V. 

8. At V CC =5.0V with a 5 k£2 pullup to V CC and a maximum time slot of 1 20 us. 

9. Capacitance on the data pin could be 800 pF when power is first applied. If a 5 kQ resistor is used to pull up 
the data line to V cc , 5 us after power has been applied the parasite capacitance will not affect normal com- 
munications. 

1 0. V| H for PIO pin should always be greater than or equal to V PUP -0.3 volts. 

11 . Input resistance is to ground. 



■ 
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DALLAS 

SEMICONDUCTOR 



DS2404S-C01 

Dual Port Memory Plus Time 



FEATURES 

• Bridge for electronic equipment to the 1-Wire Micro- 
LAN 

• 4096 bits of nonvolatile dual-port memory including 
real time clock/calendar in binary format, program- 
mable interval timer, and programmable power-on 
cycle counter 

• 1-Wire interface for MicroLAN communication at 
1 6.3k bits per second 

• 3-Wire host interface for high-speed data commu- 
nications at 2M bits per second 

• Unique, factory-lasered and tested 64-bit registra- 
tion number (8— bit family code + 48-bit serial number 
+ 8-bit CRC tester) assures absolute traceability 
because no two parts are alike 

• Memory partitioned into 16 pages of 256-bits for 
packetizing data 

• 256-bit scratchpad with strict read/write protocols 
ensures integrity of data transfer 

• Programmable alarms can be set to generate inter- 
rupts for interval timer, real time clock, and/or cycle 
counter 

• Space saving 16-pin SOIC package 

• Operating temperature range from -40°C to +85°C 

• Operating voltage range from 2.8 to 5.5 Volts 



PIN ASSIGNMENT 



VCCOE 
iRQCE 
RSfCE 
DO™ 1 

I/one 

CLKOC 



NC 



3 DC 7 



GNDOqji. 



3D VCC 
3D X1 

no X2 

3D GND 

3D NC 
H 3D 1HZ 
10 JD VBATO 
9 HD VBATB 



16-PIN SOIC (300 Mil) 
See Mech. Drawing 
Pg. 338 



PIN DESCRIPTION 




Pin# 


Pin Name 


Description 


Pin 1&16 


-Vcc 


2.8 to 5.5 Volts 


Pin 2 


- IRQ 


Interrupt Output 


Pin 3 


- RST 


3- Wire Reset Input 


Pin 4 


-DQ 


3-Wire Input/Output 


Pin 5 


-I/O 


1-wire Input/Output 


Pin 6 


- CLK 


3-Wire Clock Input 


Pin 7 & 12 


-NC 


No Connection 


Pin 8 & 13 


-GND 


Ground 


Pin 9 


- Vbatb 


Battery Backup Input 


Pin 10 


- Vbato 


Battery Operate Input 


Pin 11 


- 1 Hz 


1 Hz Output 


Pin 14 & 15 


- Xi ,X2 


Crystal Connections 



DESCRIPTION 

In order to provide universal access to the MicroLAN, 
the DS2404S-C01 Dual Port Memory Plus Time has 
been developed. This device has both 1-Wire and a 
3-Wire serial microcontroller interface. The 
DS2404S-C01 can be used to make complex functions 
involving microcontrollers behave as if they were Touch 
Memories. 



Being a custom-ROM version of the DS2404, the 
DS2404S-C01 has the family code 84H. In addition to 
this, the 12 most significant bit of the serialization field 
are coded 001 H, leaving 28 bits for serialization. The 
communication with the DS2404S-C01 through the 
1-Wire port is identical to the DS1994; all functions of 
the DS1994 are available. 
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The second port of the DS2404S-C01 is a 3-wire serial 
interface providing the signals Data, Clock, and Reset 
for communication speeds up to 2 Mbit/s. The 3-wire 
interface directly accesses the scratchpad, memory 
locations and special registers without requiring a ROM 



charts apply as for the 1-Wire interface; the lasered 
ROM itself and the commands of the network layer are 



not accessible. The arbitration between ports is done 
according to the method first come, first serve. Housed 
in a 1 6-pin SOIC package, the DS2404S-C01 provides 
a separate open drain IRQ pin for interrupt signalling 
and a 1 Hz clock output. Depending on the application 
» can either operate on Vcc fro 
l backup or on battery only, f 
please refer to the DS2404 or DS1 994 data sheet. 
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FULL DATA SHEET AVAILABLE - CALL 214-450-8167 PRELIMINARY 



DALLAS 

SEMICONDUCTOR 



DS1820 

One-Wire Digital Thermometer 



FEATURES 

• Unique 1-Wire interface requires only one port pin for 
communication 

• Multidrop capability simplifies distributed temperature 
sensing applications 

• Requires no external components 

• Can be powered from data line 

• Zero standby power required 

• Measures temperatures from -55°C to +125°C in 
0.5°C increments. Fahrenheit equivalent is -67°F to 
257°F in 0.9°F increments 

• Temperature is read as a 9-bit digital value. 

• Converts temperature to digital word in 1 second 
(typ.) 

• User-definable, nonvolatile temperature alarm set- 
tings 

• Alarm search command identifies and addresses 
devices whose temperature is outside of pro- 
grammed limits (temperature alarm condition) 

• Applications include thermostatic controls, industrial 
systems, consumer products, thermometers, or any 
thermally sensitive system 



PIN ASSIGNMENT 




8 9 



DS1820 
PR-35 PACKAGE 



PIN DESCRIPTION 




DQ UL 

gnd or 

NC HE 
DNCLTl 



6 



8 3D Vdd 
7 IE NC 

in nc 

5 JD dnc 



DS1820S 
8-PIN SOIC (200 MIL) 
See Mech. Drawing 
Pg. 337 



GND 
DQ 

Vdd 

NC 

DNC 



Ground 
Data In/Out 
Optional Vdd 
No Connect 
Do Not Connect 



DESCRIPTION 

The DS1 820 Digital Thermometer provides 9-bit tem- 
perature readings which indicate the temperature of the 

device. 

Information is sent to/from the DS1820 over a 1-Wire 
interface, so that only one wire (and ground) needs to be 
connected from a central microprocessor to a DS1 820. 
Power for reading, writing, and performing temperature 
conversions can be derived from the data line itself with 
no need for an external power source. 



Because each DS1 820 contains a unique silicon serial 
number, multiple DS1820S can exist on the same 
1-Wire bus. This allows for placing temperature sen- 
sors in many different places. Applications where this 
feature is useful include HVAC environmental controls, 
sensing temperatures inside buildings, equipment or 
machinery, and in process monitoring and control. 
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DALLAS 

SEMICONDUCTOR 



■ 



DS2223/DS2224 

EconoRAM 



Low-cost, general-purpose, 256-bit memory 

- DS2223 has 256-bit SRAM 

- DS2224 has 32-bit ROM, 224-bit SRAM 



Reduces control, 
single pin 



to a 



Each DS2224 32-bit ROM is factory-lasered with a 
unique serial number 

DS2224 portion of ROM with custom code and unique 
serial number available 

Minimal operating power: 45 nanocoulombs per 
transaction @1 .5V typical 

Less than 1 5 nA standby current at 25°C 

Nonvolatile data retention easily achieved via low- 
cost alkaline batteries or capacitors 

Directly connects to a port pin of popular microcontrol- 
lers 

Operation from 1 .2 to 5.5 volts 

Popular TO-92 or SOT-223 surface mount package 

Operates over industrial temperature range -40°C to 
+85°C 



PACKAGE OUTLINE 

TO-92 




SOT-223 



1 2 3 




BOTTOM VIEW 
See Mech. Drawing 
Pg 340 




2 4 3 

TOP VIEW 
See Mech. Drawing 
Pg.344 



PIN CONNECTIONS 

Pin 1 GND - Ground 
Pin 2 DQ - Data In/Out 

pin 4 GND " Gro^d 
Pin 4 (jND - (around 



DESCRIPTION 

The DS2223 and DS2224 EconoRAMs are fully static, 
micro-powered, read/write memories in low-cost 
TO-92 or SOT-223 packages. The DS2223 is orga- 
nized as a serial 256 x 1 bit static read/write memory. 
The DS2224's first 32 bits are lasered with a unique ID 
code at the time of manufacture; the remaining 224 bits 
are static read/write memory. Signaling necessary for 
reading or writing is reduced to just one interface lead. 



ORDERING INFORMATION 

DS2223 256-bit SRAM - TO-92 Package 
DS2223Z 256-bit SRAM - SOT-223 Package 
DS2223T 1 000 piece tape-and-reel of DS2223 
DS2223Y 2500 piece tape-and-reel of DS2223Z 
DS2224 32-bit serial number (ROM), 224-bit 

SRAM - TO-92 Package 
DS2224Z 32-bit serial number (ROM), 224-bit 

SRAM - SOT-223 Package 
DS2224T 1 000 piece tape-and-reel of DS2224 
DS2224Y 2500 piece tape-and-reel of DS2224Z 
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OPERATION 

All communications to and from the EconoRAM are 
accomplished via a single interface lead. EconoRAM 
data is read and written through the use of time slots. All 
data is preceded by a command byte to specify the type 
of transaction. Once a specific transaction has been 
initiated, either a read or a write, it must be com- 
pleted for all memory locations before another 
transaction can be started. 

1-WIRE SIGNALLING 

The EconoRAM requires strict protocols to insure data 
integrity. The protocol consists of three types of signal- 
ling on one line: Write time slot, Write 1 time slot and 
Read Data time slot. All these signals are initiated by the 
host. 



READ/WRITE TIME SLOTS 

The definitions of write and read time slots are illustrated 
in Figures 1 through 3. All time slots are initiated by the 
host driving the data line low. The falling edge of the data 
line synchronizes the EconoRAM to the host by trigger- 
ing a delay circuit in the EconoRAM. During write time 
slots, the delay circuit determines when the EconoRAM 
will sample the data line. For a read data time slot, if a "0" 
is to be transmitted, the delay circuit determines how 
long the EconoRAM will hold the data line low overriding 
the 1 generated by the host. If the data bit is a "1", the 
EconoRAM will leave the read data time slot 
unchanged. 

COMMAND BYTE 

The command byte to specify the type of transaction is 
transmitted LSB first from the host to the EconoRAM 
using write time slots. The first bit of the command byte 
(see Figure 4) is a logic 1 . This indicates to the Econo- 
RAM that a command byte is being written. The next two 
bits are the select bits which denote the physical 
address of the EconoRAM that is to be accessed (set to 
00 currently) . The remaining five bits determine whether 
a read or a write operation is to follow. If a write operation 
is to be performed, all five bits are set to a logic 1 level. If 
a read operation is to be performed, any or all of these 
bits are set to a logic level. All eight bits of the com- 
mand byte are transmitted to the EconoRAM with a sep- 
arate time slot for each bit. 



READ OR WRITE TRANSACTION 

Read or write transactions are performed by initializing 
the EconoRAM to a known state, issuing a command 
byte, and then generating the time slots to either read 
EconoRAM contents or write new data. Each transac- 
tion consists of 264 time slots. Eight time slots transmit 
the command byte, the remaining 256 time slots trans- 
fer the data bits. (See Figure 5.) Once a transaction is 
started, it must be completed before a new transaction 
can begin. 

To initially set the EconoRAM into a known state, 264 
Write Zero time slots must be sent by the host. These 
Write Zero time slots will not corrupt the data in the Eco- 
noRAM since a command byte has not been written. 
This operation will increment the address pointer inter- 
nal to the EconoRAM to its maximum count value. Upon 
reaching this maximum value, the EconoRAM will 
ignore all additional Write Zero time slots issued to it and 
the internal address pointer will remain locked at the top 
count value. This condition is removed by the reception 
of a Write One time slot, typically the first bit of a com- 
mand byte. 



Once the EconoRAM has been set into a known state, 
the command byte is transmitted to the EconoRAM with 
eight write time slots. This resets the address pointer 
internal to the EconoRAM and prepares it for the 
appropriate operation, either a read or a write. 

After the command byte has been received by the Eco- 
noRAM, the host controls the transfer of data. In the 
case of a read transaction, the host issues 256 read time 
slots. In the case of a write transaction, the host issues 
256 write time slots according to the data to be written. 
All data is read and written least significant bit first. 

Although the DS2224 has the first 32 bits replaced by 
lasered ROM rather than SRAM, it requires 256 write 
time slots for a complete write transaction. The data 
being sent during the first 32 write time slots has no 
effect on the DS2224 other than advancing the internal 
address pointer. As stated previously, it is not possible 
to change from read to write or vice versa before a trans- 
action is completed. 
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READ/WRITE TIMING DIAGRAM 
Write-One Time Slot Figure 1 
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Write-Zero Time Slot Figure 2 
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Read-Data Time Slot Figure 3 
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COMMAND WORD Figure 4 
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READ/WRITE TRANSACTION Figure 5 
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TYPICAL CURRENT CONSUMPTION VS. BIT RATE Figure 6 
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TYPICAL LEAKAGE CURRENT VS. TEMPERATURE Figure 7 
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1-WIRE INTERFACE 

The 1-Wire interface has only a single line by definition; 
it is important that host and EconoR AM be able to drive it 
at the appropriate time. The EconoRAM is an open drain 
part with an internal circuit equivalent to that shown in 
Figure 8. The host can be the same equivalent circuit. If 
a bidirectional pin is not available, separate output and 
input pins can be tied together. 



the EconoRAM (V CA p) is at least 1 .2 volts. A typical cir- 
cuit is shown in Figure 9. 

When Vcc is applied, capacitor C1 is charged and the 
EconoRAM receives power directly from Vcc- After 
power is removed, the diode CR1 prevents current from 
leaking back into the system, keeping the capacitor 
charged. 



The 1-Wire interface requires a pull-up resistor with a 
value of approximately 5 kQ to system V C c on the data 
signal line. The EconoRAM has an internal open-drain 
driver with a 500 kQ pull-down resistor to ground. The 
open-drain driver allows the EconoRAM to be powered 
by a small standby energy source, such as a single 1 .5 
volt alkaline battery, and still have the ability to produce 
CMOS/TTL output levels. The pull-down resistor holds 
the DQ pin at ground when the EconoRAM is not con- 
nected to the host. 



APPLICATION EXAMPLES 

EconoRAMs are extremely conservative with power. 
Data can be retained in these small memories for as 
long as a month using the energy stored in a capacitor. 
Data is retained as long as the voltage on the V C c pin of 



In the standby mode, the EconoFlAM typically con- 
sumes only 12 nA at 25°C. However, the power-down 
process of the system can cause a slightly higher cur- 
rent drain. This is due to the fact that as system power 
ramps down, the signal attached to the DQ pin of the 
EconoRAM transitions slowly through the linear region, 
while the Vcap voltage remains at its initial value. While 
in this region, the part draws more current as a function 
of the DQ pin voltage (see Figure 10). 

The data retention time can be estimated with the aid of 
Figure 11 . In this figure, the vertical axis represents the 
value of the capacitor C1 ; the horizontal axis is the data 
retention time in hours. The two curves represent initial 
Vcap voltages of 3 and 5 volts. These curves are based 
on the assumption that the time the DQ pin is in the lin- 
ear region is less than 100 ms. 



HOST TO ECONORAM INTERFACE Figure 8 
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SUGGESTED CIRCUIT Figure 9 



V C AP 



Vcc 



I 



DQ 


Econo 






Memory 




GND 















C1 



/ 

or 
1 



Vcc 
-r- 



■M- 



dm 



ICC VS. DQ VOLTAGE Figure 10 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 
Soldering Temperature 



-0.5V to +6.5V 
-40°C to +85°C 
-55°Cto+125°C 

I seconds 



This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



RECOMMENDED DC OPERATING CONDITIONS 



(-40°C to +85°C) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 




NOTES 
















Data Pin 


DO 


-0.5 




6.0 


V 


1 


Supply Voltage 


Vcc 


1.2 




5.5 


V 


1 



DC ELECTRICAL CHARACTERISTICS 



HK)°C to +85°C; V CC =2.0V to 5.5V) 

















PARAMETER 


SYMBOL 


MIN 




MAX 


UNITS 


NOTES 


Input Logic Low 


Vj L 


-0.5 


0.4 


0.8 


V 


1 


Input Logic High 


V| H 


Vcc-0-5 




6.0 


V 


1 


sink uurrent 


II 


1 


2 




mA 


4 


Output Logic Low 


Vol 






0.4 


V 


1 


Output Logic High 


Voh 


Vpup 




5.5 


V 


1,2 
















Input Resistance 


Ir 




500 




kQ 


3 


Operating Current 


Iop 






36 


nC 


5 


Standby Current 


ISTBY 




2 


25 


nA 


6 


DC ELECTRICAL CHARACTERISTICS 




(-40°C to +85°C; V CC =1 4V ± 10% 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Input Logic Low 


V|L 


-0.5 




0.2 


V 


1 


Input Logic High 


V,H 


1.0 




6.0 


V 


1 


Sink Current 


l L 


1 


2 




mA 


7 


Output Logic Low 


Vol 






0.4 


V 


4 


Output Logic High 


Voh 


Vpup 




5.5 


V 


1,2 


Input Resistance 


Ir 




500 




kQ 


3 


Operating Current 


bp 






36 


nC 


5 


Standby Current 


'STBY 




2 


15 


nA 


6 
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AC ELECTRICAL CHARACTERISTICS (-40°C to +85°C; V cc =1 .4V ± 10%) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Time Slot 


tSLOT 


70 






us 




Read Data Valid 


tRDV 


exactly 1 5 


US 




Release Time 


tocri cacc 
L KtLtAob 





15 


45 


us 




Write 1 Low Time 


tLOW1 


1 




15 


US 




Write Low Time 


t|_OW0 


60 






[IS 




Data Setup Time 


tsu 






1 


US 


8 


Recovery Time 


tREC 


1 






US 


















AC ELECTRICAL CHARACTERISTICS 




(-40°C to +85°C; V CC =2.0V to 5.5V 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Time Slot 


'slot 


60 






US 




Read Data Valid 


tRDV 




exactly 1 5 




|XS 




Release Time 


'release 





15 


45 


US 




Write 1 Low Time 


tLOW1 


1 




15 


US 




Write Low Time 


l LOW0 


60 






US 




Data Setup Time 


tsu 






1 


US 


8 












Recovery Time 


tREC 








US 












' ' 
















NOTES: 














1 . All voltages are referenced to ground. 













2. Vpup = external pull-up voltage to system sypply. 

3. Input pull-down resistance to ground. 

4. @V OL =0.4V 

5. 36 nanocoulombs per 264 time slots @ 1 ,5V (see Figure 6). 

6. See Figure 7 for typical values over temperature. 

7. @V O l=0.2V 

8. Read data setup time refers to the time the host must pull the 1-Wire line low to read a bit. Data is guaran- 
teed to be valid within 1 us of this falling edge and will remain valid for 14 us minimum (15 us total from falling 
edge on the 1-Wire line). 
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I\AI I AC DS0620 
UALLAO TMEX Professional Developer's 

Upgrade Kit for DS9092K 



FEATURES 

• Software support package for the Touch Memory 
Executive (TMEX) 

• Language-independent support for the Touch 
Memory Extended File Structure on IBM PCs, compa- 
tibles, and MS DOS handhelds 

• Supports MS Windows with universally callable DLLs 



Supports MS DOS with installable interrupt service 
routines 

Includes Touch Memory utilities similar to FORMAT, 
DIR, TYPE, COPY, RENAME, DELETE, CHKDSK, 
and DISKCOPY, and utilities to examine file attributes 
and perform storage optimization and defragmenta- 
tion 

Includes example programs for MS DOS written in C, 
Pascal, and QuickBasic, and MS Windows examples 
written in C, Pascal, and Visual Basic 



TOUCH MEMORY EXECUTIVE TMEX 
Software Layers 

^pPLICATToj, 
presentat/o/, 
t gesslo n) 
^tanspor; 



Platforms for: PC (DOS and Windows) 





LOJ 

DEVELOPER'S UPGRADE KIT 



DESCRIPTION 

The DS0620 TMEX Professional Developer's Kit pro- 
vides the software needed to implement the Touch 
Memory Executive (TMEX) on IBM PCs, compatibles, 
and popular MS DOS handheld computers. Documen- 
tation of TMEX is provided in the Book of DS1 9xx Touch 
Memory Standards, second edition, available in the 
DS9092K Touch Memory Starter Kit. Additional docu- 
mentation on diskette describes the many coding exam- 
ples, utility programs, and special versions of TMEX for 
particular handheld MS DOS computers. 



Low-level drivers are supplied with TMEX for use with 
the DS9097 COM Port Adapter, which attaches to any 
serial port of a PC. Low-level user-written drivers for 
specialized Touch Memory I/O hardware can easily be 
interfaced with the high-level TMEX code provided in 
this kit to provide full functionality. The DS0620 is sup- 
plied on 3 1/2" high density MS-DOS diskettes. The 
code provided with the DS0620 is licensed for individual 
use. Licenses are available for multiple installations - 
contact Dallas Semiconductor for details. 
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DS9092K 



DALLAS DS9092K 
sEISiBonducTSr Touch Memory Starter Kit 



FEATURES 

• Evaluation Kit for accessing Touch Memories from an 
IBM PC-compatible computer 

• Assortment of Touch Memory devices 

• Assortment of Touch Memory attachment accesso- 
ries 

• DS9092 Touch Memory Probe 

• DS9092GT Touch Memory Probe with Hand Grip 

• PC serial port adapter 

• Book of DS19xx Touch Memory Standards 

• Data sheets and application notes 

• 3V2" disk with demonstration software, utility func- 
tions and source code 



DESCRIPTION 

The DS9092K Touch Memory Starter Kit provides hard- 
ware and software for quick evaluation of any of Dallas 
Semiconductor's Touch Memory family using a PC- 
compatible DOS computer. Included in the kit are Touch 
Memory devices, a DS9092 and DS9092GT Touch 
Probe, a PC serial port adapter, an assortment of Touch 
memory attachment accessories, demonstration soft- 




ware and utility programs. The demonstration pro- 
grams can be executed to read or write a Touch Memory 
device through the serial port via a 25-pin adapter 
which connects to the DS9092GT probe. The utility disk 
allows the user to quickly develop his own Touch 
Memory programs from the code provided. 
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DALLAS 



DS9099K 

Touch Pen Development Kit 

DS9099 

Touch Pen Chip Set 



FEATURES 

• Prototype Development Kit for building a Touch Pen 
and developing Touch Pen software accessing Touch 
Memories and up/down-loading data to/from an IBM 
PC-compatible computer 

• Ready made printed circuit board with all hardware 
components installed 

• Includes DS9092TTouch Probe with tactilefeedback, 
parts for panel mounting, DS9092R tabbed Touch 
Port with DS9093RA lock ring 

• Touch Pen Design Guide 

• Book of DS19xx Touch Memory Standards 

• Dallas Semiconductor Product Data Book 

• Two 5 V4" disks with Touch Pen Software, DS5001 
Took Kit, utility functions and source code 
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DESCRIPTION 

The DS9099K Touch Pen Prototype Development Kit 
provides hardware and software for quick development 
of application-specific Touch Pen software for reading 
and writing Touch Memories as well as for up/down- 
loading Touch Memory data to/from an IBM PC-com- 
patible computer. Further documentation provided on 
disk includes the full specification of the Extended File 
Structure as it is used to access multiple independent 
files stored in Touch Memories. The DS9099K contains 
a fully functional Touch Pen evaluation board with the 
most recent firmware preloaded into the DS5001. 
There is no enclosure included for the circuit board. 

This kit assumes availability of Touch Memories, RS232 
COM port adapters DS9097 and DS9062 and the 



TOUCH PEN TOOL KIT 



DS9060 RS232-fixture at the developer's site. All of 
these parts together with operating software are found 
in the DS9092K Touch Memory Starter Kit (DS9097, 
Touch Memories, Touch Memory Probe) and the 
DS5000 TK Soft Microcontroller Evaluation Kit 
(DS9062 COM port adapter, DS9060 RS232-fixture). 

The DS5001FPN4 Microcontroller Chip, DS1227S 
Kickstarter, DS2404S-C01 Dual Port Memory Plus 
Time, DS9092T Touch Probe, DS9092R Touch Port, 
DS9093RA Lock Ring, DS9032 32.786 KHz crystal and 
CR1 632 lithium battery are available as the Touch Pen 
Chip Set DS9099. 
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DS9102K 

Touch Memory Electronic Lock Demo Kit 



FEATURES 

• Demonstration kit shows the use of Touch Memory as 
an electronic key and the design of a conventional 
looking electronic lock that it will operate 

• Touch Memory key provides the fastest entry of any 
key 

• Touch Memory probe peacefully coexist with the 
mechanical lock core face, leaving a mechanical 
backup if necessary 

• Key management is simplified, rekeys in seconds 
without the addition or removal of parts 



■ 




DESCRIPTION 

The DS9102K Touch Memory Lock Demo Kit provides 
the user with a starting point for integrating Touch 
Memory electronics into any mechanical locking sys- 
tem. The electronic circuit board and associated com- 
ponents in this kit provide a reader/writer interface 
between the Touch Memory key and the electro- 
mechanical actuator in the desired locking system. 



The core electronics in this demo kit are borrowed from 
the TouchPen design, which is detailed in the "50 Ways 
to Touch Memory" book second edition. This demo kit 
focuses on software and implementation of the Touch- 
Pen hardware for the < 
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DALLAS 

SEMICONDUCTOR 



DS9103K 

Touch Memory Access Control Demo Kit 



FEATURES 

• Demonstration kit shows the use of Touch Memory as 
an electronic key with other 1-wire devices operating 
a door controller from an IBM PC-compatible com- 
puter 

• Three DS1990A-F5 and DS9093F (combined as a 
Touch Memory Keys) 

• Single door access controller circuit board, 
assembled as three detachable circuit boards: PC 
Interface, Door Controller, and Door Reader 

• Demo circuit board separates for easy trial installation 

• Diskette (3 1/2") with demonstration software, Touch 
Memory Executive (TMEX) and demonstration 
source code 

• Users Manual with theory of operation, schematic, 
parts list, and data sheet of all ICs 

• PC, +12 volt power supply, electric strike, and door 
i switch are NOT included 



DESCRIPTION 

The DS9103K Touch Memory Access Control Demon- 
stration Kit shows how Touch Memory can be used as 
an electronic key in an uncomplicated, low-cost, single 
or multi-door access control system. This system uti- 
lizes a 1-wire communication network called a Micro- 
LAN. The PC operates as the MicroLAN host which 
reads the Touch Memory and controls other 1-wire 
devices like the DS2405 Addressable Switch to ener- 
gize relays and collect the status of door position 
switches. 

The demonstration kit software allows for the creation 
and editing of a data base, and the elemental addition of 
multiple door controllers . 
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DALLAS 

SEMICONDUCTOR 



Application Note 74 

and Writing Touch Memories 
via Serial Interfaces 



I. INTRODUCTION 

Touch Memory is a chip housed in a stainless steel 
enclosure. The electrical interface is reduced to the 
absolute minimum, i.e., a single data line plus a ground 
reference. The energy needed for operation is either 
"stolen" from the data line ("parasitic power") or is taken 
from an embedded lithium cell. The logical functions 
range from a simple serial number to password-pro- 
tected memory, to 64K bits and beyond of nonvolatile 
RAM or EPROM, to a Touch Thermometer, to a real time 
clock plus 4K bits of nonvolatile RAM. Common to all 
Touch Memories is a globally unique registration num- 
ber, the serial 1-Wire protocol, presence detect, and 
communication in discrete time slots. Table 1 gives an 
overview of the available devices. 



TOUCH MEMORY DEVICES Table 1 



For read operations all devices are satisfied with a 5kQ 
pull-up resistor to supply energy and to terminate the 
1 —Wire bus. Touch Memory devices based on non— vol- 
atile RAM (DS1991 to DS1996) can also be written 
using this same interface. Due to their different technol- 
ogy, EPROM based Touch Memories (DS1982 to 
DS1 986) also require pulses of up to 1 2V for program- 
ming. Since they cannot be erased, EPROM Touch 
Memories are referred to as Add-Only Memories. 
Another device, the DS1 920 Touch Thermometer, gets 
its energy for temperature conversion through a low 
impedance active pull-up to 5V. Different requirements 
for writing or special functions are the reason for several 
types of interfaces. 



Device 
Type 


Family 
Code 


Serial 
Number 


Memory Bits 
Type 


Protected 
NV RAM bits 


Real Time 
Clock 


Interval 
Timer 


Cycle 
Counter 


DS1990A 


01 H 


yes 






— 

1 






DS1991 


02H 


yes 


512, NVRAM 


3*384 








DS1992 


08H 


yes 


1 K, NVRAM 










DS1993 


06H 


yes 


4K, NVRAM 










DS1994 


04H 


yes 


4K, NVRAM 





yes 


yes 


yes 


DS1995 


OAH 


yes 


16K, NVRAM 










DS1996 


OCH 


yes 


64K, NVRAM 










DS1982 


09H 


yes 


1 K, EPROM 











DS1985 


OBH 


yes 


16K, EPROM 













DS1986 


OFH 


yes 


64K, EPROM 










DS1920 


10H 


yes 


16, EEPROM 


TOUCH THERMOMETER 
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II. 1-WIRE INTERFACE 

A. General Information 

Touch Memories are self-timed silicon devices. The tim- 
ing logic provides a means of measuring and generating 
digital pulses of various widths. Data transfers are bit-se- 
quential and half-duplex. Data can be interpreted as 
commands (according to the prearranged format identi- 
fied by the family code) that are compared to information 
already stored in the Touch Memory to make a decision, 
or can simply be stored in the Touch Memory for later 
retrieval. Touch Memories are considered slaves, while 
the host reader/writer is considered a master. 

B. DC requirements 

Touch Memories operate in an open drain environment 
on voltage levels ranging from 2.8V (minimum pull-up 
voltage) to 6V (maximum pull-up voltage). All voltages 
greater than 2.2V are interpreted as logic 1 or HIGH, 
voltages less than 0.8V are considered as logic or 
LOW. The pull-up voltage must be a minimum of 2.8V to 
recharge an internal storage capacitor that is used to 
supply power during periods when the data line is low. 
The size of this capacitor is about 800 pF. This capacity 
is seen for a short time when a Touch Memory is con- 
tacted by a probe. After the capacitor is charged, only a 
very small fraction of this capacity is recognizable, 
according to the charge required to refill to full charge. 
The total time constant to charge the capacitor is defined 
by the capacitor itself, the internal resistances of about 1 
k£2, the resistance of the cable and contacts, the cable 
capacitance, and the resistor pulling up the data line. 

C. AC requirements 

Timing relationships in Touch Memories are defined 
with respect to time slots. Because the falling slope is 
the least sensitive to capacitive loading in an open drain 
environment, Touch Memories use this edge to syn- 
chronize their internal timing circuitry. By definition the 
active part of a 1-Wire time slot (tsLOT) is 60 [xs. After 
the active part of the time slot, the data line needs to be 



inactive for a minimum of 1 us at a voltage of 2.8V or 
higher to recharge the internal capacitor. 

Under nominal conditions, a Touch Memory will sample 
the line 30 us after the falling edge of the start condition. 
The internal time base of Touch Memory may deviate 
from its nominal value. The allowed tolerance band 
ranges from 1 5 jas to 60 |xs. This means that the actual 
slave sampling may occur anywhere between 1 5 and 60 
us after the start condition, which is a ratio of 1 to 4. Dur- 
ing this time frame the voltage on the data line must stay 
below V| LMAX or above V, H min- 

C.1. Write Time Slots 

In the 1-Wire system, the logical values of 1 and are 
represented by certain voltage levels in special wave- 
forms. The waveforms needed to write commands or 
data to Touch Memories are called write-1 and write-0 
time slots. The duration of a low pulse to write a 1 
(tLOWi . Figure 1 ) must be shorter than 1 5 us. To write a 
0, the duration of the low pulse (t|_owo> Figure 2) must be 
at least 60 us to cope with worst-case conditions. 

The duration of the active part of a time slot can be 
extended beyond 60 us. The maximum extension is lim- 
ited by the fact that a low pulse of a duration of at least 
eight active time slots (480 us) is defined as a Reset 
Pulse. Allowing the same worst-case tolerance ratio, a 
low pulse of 1 20 us might be sufficient for a reset. This lim- 
its the extension of the active part of a time slot to a maxi- 
mum of 1 20 fxs to prevent misinterpretation with reset. 

At the end of the active part of each time slot, Touch 
Memory needs a recovery time t.rec of a minimum of 1 
us to prepare for the next bit. This recovery time is the 
inactive part of a time slot, since it must be added to the 
duration of the active part to obtain the time it takes to 
transfer one bit. The wide tolerance of the time slots and 
the non-critical recovery time allow even slow micro- 
processors to meet the timing requirements for 1-Wire 
communication easily. 
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WRITE-ONE TIME SLOT Figure 1 
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C.2. Read Time Slots 

Commands and data are sent to Touch Memories by 
combining Write-Zero and Write-One time slots. To 
read data, the master has to generate Read-Data time 
slots to define the start condition of each bit. The Read- 
Data time slot looks essentially the same as the Write- 
One time slot from the master's point of view. Starting at 
the high-to-low transition, the Touch Memory sends 
one bit of its addressed contents. If the data bit is a 1 , the 
Touch Memory leaves the pulse unchanged. If the data 
bit is a 0, the Touch Memory will pull the data line low for 
t RD v or 1 5 us (Figure 3). In this time frame data is valid 
for reading by the master. The duration t L owR of the low 
pulse sent by the master should be a minimum of 1 us 
with a maximum value as short as possible to maximize 
the master sampling window. In order to compensate for 
the cable capacitance of the 1-Wire line the master 
should sample as close to 1 5 us after the synchroniza- 
tion edge as possible. Following t RD v there is an addi- 
tional time interval, t RELEASE , after which the Touch 
Memory releases the 1-Wire line so that its voltage can 
return to Vp ULL up- The duration of t R |= lease mav varv 
from to 45 us; its nominal value is 15 us. 

C.3. Reset and Presence Detect 

The Reset Pulse provides a clear starting condition that 
supersedes any time slot synchronization. It is defined 
as a single low pulse of minimum duration of eight time 
slots or 480 us followed by a Reset-high time t R sTH of 
another 480 us (Figure 4) . After a Reset Pulse has been 
sent, the Touch Memory will wait for the time t PDH and 
then generate a Presence Pulse of duration tpoL- No 
other communication on the 1-Wire bus is allowed dur- 
ing t R sTH- The Presence Pulse can be used to trigger a 
hardware interrupt or to automatically power up equip- 
ment like Touch Pens. If a Touch Memory is discon- 



nected from the probe, it will pull its data line low via an 
internal current source of 5 uA. This simulates a Reset 
Pulse of unlimited duration. As soon as the Touch 
Memory detects a high level on the data line, it will gen- 
erate a Presence Pulse. 

The nominal values are 30 us for t PDH and 120 us for 
tpDL- With the same worst-case tolerance band, the 
measured t PDH value indicates the internal time base of 
the fastest device. The sum of the measured tpDH and 
tpoL values is five times the internal time base of the 
slowest device. If there is only one device on the line, 
both values will deviate in the same direction. This cor- 
relation can be used to build an adaptive system. Spe- 
cial care must be taken to recalibrate timing after every 
reset since the individual timing characteristics of the 
devices vary with temperature and load. 

The accuracy of the time measurements required for 
adaptive timing is limited by the characteristics of the 
master's input logic, the time constant of the 1-Wire line 
(pullup resistor x cable capacitance) and the applied 
sampling rate. If the observed rise time or fall time 
exceeds 1 us or the highest possible sampling rate is 
less than 1 MHz, adaptive timing should not be 
attempted. 

C.4. Example Pulse Train 

For illustrative purposes, a reference pulse train has 
been defined (Figure 5) to explain how the waveforms 
are generated rather than showing a complete session. 
It starts with a reset sequence including a Presence 
Pulse. Further time slots show all waveforms of reading 
and writing 1 s and 0s. Any communication session can 
be constructed from the waveforms of this pulse train. 
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READ-DATA TIME SLOT Figure 3 
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RESET AND PRESENCE PULSE Figure 4 
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III. FUNDAMENTALS 
A. TTL Interface 

This category includes all logic families and micropro- 
cessors that use positive logic with a maximum 0.8V for 
a logical or LOW and a minimum of 2.2V for a logical 1 
or HIGH. These voltages combined with a current 
source capability of at least 1 mA and a sink capability of 
more than 4 mA interface to a broad class of digital elec- 
tronics. 

Since the 1 -Wire bus is an open drain system, an open 
drain/collector driver is required to connect the output 
port to the bus (Figure 6). This driver can be a general 
purpose NPN transistor with a resistor connected 
between base and output port or an n-channel MOS- 
FET or any open drain/collector driver available in the 
logic family as long as the pullup voltage is equal to the 
driver voltage. Even a tri-state driver with its logic input 
tied to ground can be used, connecting the output gate 
to the tri-state control input. Depending on the charac- 
teristics of the driver (inverting/non-inverting), it may be 
required to complement the logic value of the output 
gate to compensate for the driver's signal inversion. 

Reading from the 1-Wire bus can usually be accom- 
plished by directly connecting the 1-Wire bus to the 
input port of the master. If the pullup-voltage of the 
1-wire bus is too low or if the capacity of the cable pro- 
duces slopes too slow for the logic family, it may be 
required to employ a comparator as interface and to 
adjust the reference voltage to optimize noise margins 
and timing characteristics. If the comparator inverts the 
signal, this inversion needs to be compensated by the 
software. 

Generally it is recommended to test this type of interface 
carefully, starting with reset pulses generated by soft- 
ware and watching the slopes with an oscilloscope. If 
the timing specifications of Figure 4 are met, and the 
presence pulse is seen, one may proceed and test the 
software to generate the Write-Zero and Write-One 
time slots. After this works properly, the next step is 
reading the ROM. This is done by performing a reset 
cycle first, followed by 2 Write-One time slots, 2 Write- 
Zero time slots, 2 Write-One time slots and 2 Write- 
Zero time slots (this is equivalent to sending 33H, least 
significant bit first). After this, 64 Read Data time slots 
need to be generated. 



Since all timing depends on the clock frequency of the 
microcontroller, it is required to count the number of 
clock cycles for the execution of each command within 
the loop. The level of an output pin of a microprocessor 
will usually not change at the end of a command, but a 
few clock cycles earlier. The actual reading from any 
input pin also occurs some clock cycles before the end 
of the command. If the description of the microproces- 
sor does not give sufficient details on this, a test series 
with different clock frequencies may be required. As 
long as the microprocessor is executing time-sensitive 
code, i.e. reading from the 1-Wire bus or writing to it, 
jumps or calls may occur only while the 1-Wire bus is 
idle. Interrupts from other sources than the 1-Wire bus 
must be disabled. 

* 

B. RS232 Interface 

This section covers all interfaces that use a special con- 
troller to generate all timing and reference signals 
required for serial communication. The typical controller 
for this type of interface is the UART 8250. It relieves the 
microprocessor of the burden of time-critical software 
execution. The microprocessor simply puts the charac- 
ter code to be transmitted into the transmit register of the 
UART and the UART will do the work. A character is 
received by the microprocessor just by reading the 
UART's receive register. If the serial transmission is fin- 
ished or if there is data for the microprocessor, this 
condition is signalled by the UART through flags that 
can be polled or by interrupts. 

To function properly, the UART requires configuration 
with respect to baud rate, number of data bits per char- 
acter, parity and number of start and stop bits. These 
terms are common for serial communication, but fit the 
needs of 1 -Wire networks with their time slots and sep- 
arate synchronization if a bit rather than a character is 
framed by the start condition. For 1-Wire communica- 
tion the UART is set up for a high baud rate 
character delivered by the UART represents a bit on the 
1 -Wire bus. The microprocessor must separate the bits 
of a byte, least significant bit first, and write them as 
appropriate characters to the UART. To read data, the 
microprocessor has to assemble the bits received 
through characters back into bytes. These functions are 
not time-sensitive and can easily be programmed in a 
high level language. 
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TTL INTERFACING Figure 6 
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RS232 Conventions 

Unlike TTL logic, RS232 has been established to trans- 
port data over long lines. Therefore different current 
drive characteristics and higher voltages are required to 
represent the logic levels and 1 . 

The values to be expected are: 
+3V to+15VforO, 

which is identical to the polarity of the start bit and 
-3Vto -15V fori, 

which is identical to the polarity of the stop bit and 
the idle state. The voltage range from -3V to +3V is 
undefined. 

All voltages are measured with respect to ground. The 
receive channel and the transmit channel are indepen- 



dent wires, called RXD and TXD. Since RS232 ports are 
often used for communication via phone lines, several 
control signals are also included in the standard. Not all 
of these control signals need to be implemented with a 
communication device. For 1-Wire applications only 
the control signals DTR (Data Terminal Ready) and RTS 
(Request to send) are needed. Other signals often 
found with RS232 are DSR (Data Set Ready), which is 
the response to DTR , and CTS (Clear To Send) , which is 
the response to RTS. How these signals are provided 
on a connector is detailed in Table 2. Full documentation 
on RS232 is beyond the scope of this application note. 
For a complete description please refer to other litera- 
ture. 



SIGNAL 


9-PIN 
CONNECTOR 


25-PIN 
CONNECTOR 


DESCRIPTION 


FUNCTION 


RXD 


2 


3 


Receive Data 


input 


TXD 


3 


2 




Transmit Data 


output 


DTR 


4 


20 


Data Terminal Ready 


output 


RTS 


7 


4 


Request to Send 


output 


GND 


5 


7 


Ground 


(reference) 


DSR 


6 


6 


Data Set Ready 


input 


CTS 


8 


5 


Clear to Send 
1 


input 

' : ' 
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Hardware simplified model 

The standard hardware of a RS232 interface is shown in 
Figure 7a. The UART is hooked to the system bus like 
an 8-bit memory device. The three address inputs AO to 
A2 make the UART appear as a block of 8 read/write 
memory locations. On the other side there are the serial 
communication signals and the control signals men- 
tioned above. Since the UART is a 5V-device, special 
drivers and receivers for handling higher voltages are 
required. Circuit diagrams of bipolar integrated drivers 
(1488) and receivers (1489) are shown on Figures 7b 
and 7c. CMOS drivers and receivers are also available 



as standard products. 



+1 Interrupt Enable Register 
+2 Interrupt Identification I 
(read only) 

Line Control Register 
Modem Control Register 
Line Status Regis 



+3 
+4 
+5 
+6 




By design, the output current of an RS232 driver is lim- 
ited to ±1 mA typically. Since the voltage definitions for 
1 and on the RS232 channel are reversed with respect 
to the conventions of positive logic, RS232 drivers and 
receivers are actually inverting devices. The inversion 
in the transmit channel is compensated through an 
inversion in the receive channel. Thus a 1 written to the 
transmit register will appear as a 1 at the serial output, 
as -1 5V at TXD, as a 1 at the serial input of the receiver 
and finally be read as a 1 in the receive register of the 
receiving UART. 

For energy efficiency with battery operated equipment, 
the RS232 drivers and receivers are often replaced by 
simple 5V inverting drivers. This is definitely not com- 
patible with the RS232 standard, but may be sufficient to 
control a modem or to transfer data through a short 
cable. Interfaces like this are called 5V RS232 within 
this application note. They run on the same software as 
the standard RS232, but are electrically almost the 
same as the TTL interface. 

Programmer's model 

To write software for the 8250 UART one must know the 
basic address where the registers of the UART are 
hardwired to. This address is generally an equipment 
specific variable, and therefore will be referenced by the 
name SPA (Serial Port Address) rather than by a physi- 
cal address. Of the 8 theoretically accessible addresses 
within the UART only 7 are really implemented, using 
the relative addresses to 6. The names of these regis- 
ters are as follows: 



SPA +0 Receive (read)/Transmit (write) 
Data Register 



The meaning of the UART's control bits and their posi- 
tion within the control registers is detailed in Figure 8. 
For 1-Wire communication, the Interrupt Identification 
Register and Modem Status Register are not used. 

To define the speed or baud rate of a serial communica- 
tion, there is a 16 bit register, called Divisor Latch. This 
register is accessed as two bytes using the same 
addresses as the Data Register (least significant byte) 
and the Interrupt Enable Register (most significant 
byte). To access the Divisor Latch, the Divisor Latch 
Access Bit DLAB must be set to 1 . DLAB is the most sig- 
nificant bit of the Line Control Register. As long as DLAB 
is set, the Data Register and the Interrupt Enable Regis- 
ter are not accessible. For the commonly used crystal 
frequency of 1 .8432 MHz, the divisor latch must contain 
a number between 2304 (900hex, 50 bps) and 1 (1 1 5.2k 
bps). 

1-Wire Communication through the UART 

As mentioned above, to write one bit to the 1-Wire bus, 
the UART is programmed to transmit one character. 
Since the receive and transmit channels of the UART 
are operating independently, but using the same com- 
munication setup, reading from and writing to the 
1-Wire bus can occur at the same time. The start condi- 
tion generated at the UART's serial output is fed to the 
1-Wire bus and is simultaneously returned to the serial 
input, triggering the process of reading one character. 
The waveform is completely defined by the baud rate, 
the polarity of the start and stop bits and the bit pattern of 
the character. The serial output of the UART is high (~ 
5V, idle) between characters, low (~0V) for the start bit 
and equal to the value of the data bit being transmitted. 
An idle (~5V) to low (~0V) transition at the UART's serial 
input triggers the process of receiving a character. The 
first bit is understood as start bit; the remaining bits are 
shifted into the receive register in the same polarity as 
they arrive at the serial input. Bits received after the 
receive register is full, are ignored. 
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HARDWARE OVERALL CONCEPT Figure 7a 
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TYPICAL DRIVER Figure 7b 
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Figure 8 
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Reset and Presence Detect 

The reset and presence detect cycle is performed by 
setting the baud rate to 10473 bps (Divisor Latch = 
11 decimal), the character length to 8 bits (WLS0=1, 
WLS1=1) and transmitting the character code F0. 
Including the start bit, this produces a pulse of 5 x 95.5 
us low (start bit plus four 0's) followed by 5 x 95.5 us high 
(four 1 's plus stop bit) at the serial output of the UART. If 
a Touch Memory is present, then it will assert its pres- 
ence pulse during the time interval where the most sig- 
nificant bits of the character code are transmitted. If after 
the transmission the receive data register reads F0, 
then there is no Touch Memory. If one or more bits of the 
transmitted F are changed to 0s, than a presence pulse 
was received. 

Read/Write one Bit 

To generate data time slots, the UART must be set to a 
baud rate of 1 1 5.2k bps (Divisor Latch = 1 ). With a char- 
acter length of 6 bits (WLS0=1, WLS1=0), any trans- 
mitted character will consist of a pulse train of 8 x 8.68 
[is, beginning with a low start bit, followed by true data 
bits and a high stop bit. This matches the waveform for 
fast 1-Wire communication. If the character code is 00, 



than a Write-Zero time slot is generated. A character 
code of FF will produce a Write-One time slot. 

As long as writing to the 1-Wire bus is desired, all char- 
acters received by the UART must be read and can be 
discarded. To read data, Write One time slots must be 
generated. Bits received from the Touch Memory are 
returned in their true form in the least significant bit of the 
character code found in the receive data register. If the 
Touch Memory sends a one, all bits of the character 
code will read one. If the Touch Memory sends a zero, 
one or more of the least significant bits of the character 
code will be zero, depending on the internal time base of 
the Touch Memory. 

Not all UARTs behave exactly the same as the 8250. 
Some of them do not support the character length of 6 
bits. To circumvent potential problems from this restric- 
tion, the software examples in this document always 
use the character length of 8 bits. This extends the 
transmission of one bit by 1 7.36 \is and reduces the 
effective baud rate from 14.4k bps to 11.5k bps, but 
remains well within the specification of 1-Wire timing. 
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IV. CIRCUITS FOR 5V INTERFACES (TTL 
AND RS232) 

A. TTL read all 

This is the simplest interface for Touch Memory applica- 
tions. It is suitable for reading all Touch Memories and 
writing NVRAM based devices. The circuit diagram 
(Figure 9) conforms to the principle of Figure 6. The 
diodes D1 and D2 protect transistor Q1 and the input of 
the microprocessor, respectively, against damage from 
electrostatic discharge (ESD). R1 is the 1-Wire pullup 
resistor. If the microprocessor runs on 5V, the same 
supply can directly be connected to R1 . If only a higher 
supply voltage than 5V is available, any monolithic or 
discrete positive 5V regulator can be used to provide the 
pullup voltage for the 1-Wire bus. 

The characteristics of the components are not critical. 
The transistor 2N7000 has been chosen since it is a 
very common product and has a low threshold voltage. 



If desired, a small signal bipolar transistor or any avail- 
able open-drain or open-collector inverting driver can 
be used instead of Q1. If Q1 is an npn-transistor, a 
resistor bypassed by a small capacitor between the TX- 
input and the base terminal is required to limit the input 
current. 

The logic level high at TX will produce a low on the 
1-Wire bus. To generate a Write-One or Read Data 
time slot, a short high pulse (1 us < t < 15 us) must be 
applied to the TX input. A Write-Zero Time Slot is 
formed by a 60 \*s high pulse at TX. Data from Touch 
Memories is received in its true form. If idle, TX must be 
held at a logic low level. The reference pulse train and 
other relevant waveforms for this circuit are shown on 
Figure 9a. The timing for this type of interface is directly 
generated by the microprocessor. A software example 
for this type of interface is found later in this document. 



TTL READ ALL CIRCUIT Figure 9 
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B. 5V RS232 read all 

This interface is required for equipment that uses a 
UART to provide all timing but does not conform to the 
voltage levels of the RS232 standard. The logic levels, 
however, are the correct polarity so that it can be oper- 
ated with the same software as the standard RS232 
interface. 

The circuit shown on Figure 1 is suitable for reading all 
Touch Memories and writing NVRAM based devices. 
New compared to Figure 9 are D3, Q2 and R2. D3 has 
the same function as D2, i.e. ESD protection. Q2 and R2 
form an inverter to restore the correct polarity for the 
receive channel of the UART. Since there is no pin 
defined as a power supply with RS232, the DTR signal 
is used to provide the pullup voltage for the 1-wire bus 

5V RS232 READ ALL CIRCUIT Figure 10 
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The reference pulse train and other important wave- 
forms for this circuit are shown on Figure 1 0a. Due to the 
double inversion in both the transmit and the receive 
channel (inverters between UART and RS232 connec- 
tor in Figure 7, Q1 and Q2 in Figure 1 0) the logic levels of 
the 1-Wire bus are the same as those at the UART. A 1 
written to the UART's transmit register will appear as a 1 
on the 1-Wire bus, a zero on the 1-Wire bus will be 
received as a 0. No software-inversion is needed. Fur- 
ther details on programming the UART for 1-Wire com- 
munication are found section lll.b. For software exam- 
ples please refer to a later section of this document. 
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C. TTL R/W all (voltage converter) 

The circuits described so far can read all Touch Memo- 
ries and write NVRAM-based devices. For other 
technologies, however, voltage requirements other 
than 5V are necessary. One important group of Touch 
Memories, called Add-Only Memories, is based on 
EPROM technology and therefore needs a program- 
ming pulse of 1 2V to copy data from the scratchpad to 
the EPROM cells. Another device, the Touch Thermom- 
eter, will operate on 5V but requires a low impedance 
pull-up to 5V while measuring the temperature. To fulfill 
the requirements of these and future devices, the cir- 
cuits described above need to be upgraded. These two 

TTL R/W ALL CIRCUIT Figure 11 



new functions require two more signals and the 1 2V pro- 
gramming supply can be provided by a DC-tc—DC volt- 
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The complete circuit of such a universal interface in a 
TTL-version is shown in Figure 11. It is a compatible 
superset of Figure 9. The components Q1 , R1 , D1 , D2 
and their functions are the same as before. Additional 
requirements include the control input PGMEN with the 
diode D4 for ESD protection, the diode D5, the cas- 
caded inverters R3, Q3, R4 and Q4 & R5, C1, the 
pull-up switch Q5 and the controlled voltage converter 
IC1 with its external components L1 , D6 and C2. 
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PGMEN is the active low input to activate the pull-up 
switch. If not connected, PGMEN will be held high 
through R3 to avoid unwanted activation of the pull-up 
switch. The voltage converter can be controlled in three 
ways: a) hard-wired for continuous operation, b) acti- 
vated by an external signal, or c) permanently shut 
down. Case a) is intended for applications which never 
require a strong 5V pull-up. If there is no control signal 
available from the master and strong 5V pull-up as well 
as EPROM programming is required, then a mechanical 
switch can be used to switch between case a) and c). 
Case b) offers the most flexibility. For EPROM program- 
ming SHDN needs to be high, for strong 5V pull-up it 
should be low. If the voltage converter is shut down, L1 
and D6 together with a conducting Q5 provide the 
required low-impedance path to 5V. 



If the signal PGMEN becomes active (i.e. is low) then 
the voltage at the gate of Q4 rises from OV to approxi- 
mately 5V, causing Q4 to conduct. This is equivalent to 
feeding a low level from PGMEN to the gate of Q5. The 
capacitor C1 between gate and drain of Q4 slows down 
the rise and fall of Q4's gate-source voltage and there- 
fore determines the ramp rate of the programming 
pulse. As soon as the gate voltage of Q5 changes from 
the quiescent state of 5 or 1 2V (depending on mode of 
operation) to OV, the P-channel transistor becomes 
conducting and pulls the 1-Wire bus eitherto 12V (if the 
voltage converter is on) or to 5V, bypassing R1 . 

From the strictly logical point of view, the double inver- 
sion (Q3, Q4) is unnecessary. The reasons for this cir- 
cuit are to convert from a TTL-level system to a 1 2V 
system (5 volts on the gate of Q5 is not sufficient to turn 
the transistor off if the voltage converter is running), to 
avoid high voltage feedback from the voltage converter 
through R5 to the TTL-level control input and to extend 
the rise and fall time of the 12V programming pulse to 
the required minimum of 5 \is. High voltage feedback 
from the 1 -Wire bus to the receive input of the micropro- 
cessor is avoided by the diode D5, which becomes con- 
ducting only when the voltage on the 1-Wire bus is 
lower than 5V. 

The monolithic voltage converter IC1 requires L1 , C2 
and D6 for operation. It is act ivated by a low level at its 
TTL-compatible input SHD~N. The right choice of L1 , D6 
and C2 is essential for reliable operation. D6 is a 
Schottky diode, recommended part number 1N5818, 
C2 is a low ESR tantalum capacitor of 1 \xF. L1 must be 
a low ESR device between 20 to 100 \iH, capable of 



withstanding current peaks of approximately 0.5 A with- 
out magnetic saturation. To avoid EMI problems, L1 
should be a pot-core or toroid ty pe; a rod core type is not 
recommended. For further details on the voltage con- 
verter and its external components please refer to the 
appropriate data sheet and application notes. The 
LT1109 is just one example of available parts. Other 
manufacturer's components or modules can be used as 
well. 

The dura tion of the programming pulse (pulse width of 
PGMEN) or the strong pull-up is determined by soft- 
ware. Program examples are given later in this docu- 
ment. 

f ' iLiuR TIUORI3 JJA W\R J i 1 
D. 5V RS232 R/W all (voltage converter) 
The universal upgrade of the interface of Figure 1 is 
shown in Figure 12. The components Q1 , R1 , D1 , D2, 
Q2, R2, D3 and their functions are the same as before. 
Additional requirements include the control signal RTS 
with the diode D4 for ESD protection, the diodes D5, D7, 
the cascaded inverters R3, Q3, R4 and Q4 & R5, C2, the 
pull-up switch Q5 and the controlled voltage converter 
IC1 with its external components L1 , D6 and C2. 

RTS is used to activate the pull-up switch Q5. DTR may 
act as power supply, if it is able to source 5V at 25 mA. 
The strong pull-up is made possible by L1 and D6 if the 
voltage converter is shut down. If idle (i.e., the bit con- 
trolling RTS in the Modem Control Register of the UART 
is set to 1), RTS will be at 5V. To activate the pull-up 
switch, the RTS bit in the UART (see Figure 8) must be 
cleared to 0. This will cause a 0V level at the RTS pin of 
the RS232 connector. The DTR bit in the Modem Con- 
trol Register of the UART must be set to 1 . If power is 
supplied from the outside, the status of DTR becomes a 
don't care. Inthiscase, D7 prevents driving the DTR line 
with the external power supply. 

For reliable operation of this circuit, DTR must reach a 
high level of 5V minimum. If this is not possible, an exter- 
nal 5V supply must be connected as shown in Figure 1 2. 

The function of the other components of this circuit has 
already been explained in the section IVC. RTS is 
equivalent to PGMEN in Figure 11. D5 now prevents 
feedback from the 1 -Wire bus to the internal power sup- 
ply during the programming pulse. The duration of the 
programming pulse (pulse width of RTS) cannot be con- 
trolled by the UART alone. Software to provide the cor- 
rect timing is found later in this document. 
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5V RS232 R/W ALL CIRCUIT Figure 12 
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V. CIRCUITS FOR 12V RS232 INTERFACES 
(COM PORT) 

A. Read all 

If equipment has a true RS232 port using current limited 
drivers with voltage capabilities of at least ±8V, then a 
simple passive circuit is sufficient to interface to the 
1-Wire bus. Figure 1 3 shows all details; the waveforms 
are found on Figure 1 3a. This interface operates on the 
same software as the circuit shown in Figure 10. The 
waveforms at RXD and TXD with respect to the comput- 
er's ground are basically the same. The major differ- 
ence is that instead of 0V, a true negative voltage will be 
found, representing the idle state or a logic 1 . Neglecting 
absolute voltage levels, the waveform observed at RXD 
is essentially an inversion of the waveform that would be 
observed on a 1-Wire data line for a OV to 5V system. 

The ground potential of the computer is different from 
the 1-Wire ground. This allows the Touch Memory to 
experience typical voltage levels (OV to 6V) on the 
1-Wire data line relative to the 1-Wire ground, while the 
serial port generates both positive and negative volt- 
ages relative to the serial port ground. D1 clamps the 
data line to a constant potential of nominally 3.9V. The 
time slots for 1-Wire communication are generated by 
changing the potential of the 1-Wire ground with 
respect to the 1-Wire data line. The 1-Wire pullup resis- 
tor is in the path from the 1-Wire ground to TXD, which 
provides the voltage for the 1-Wire bus. D2 limits the 
voltage swing on the 1 -Wire bus to a maximum value of 
6.2 Volts. Since DTR is kept at 3.9V, D2 also limits the 
most negative voltage occurring at RXD to -2.3V. D2 is 
conducting only when the voltage at TXD is negative 
with respect to the computer's ground. D3 limits the volt- 
age between 1-Wire ground and 1-Wire data when the 
voltage at TXD is positive. D4 couples TXD with RXD 
when TXD is positive and bypasses R1 to provide a low 
resistance path to initiate a time slot on the 1-Wire bus. 
D4 is non-conducting when the voltage at TXD is nega- 
tive with respect to the computer's ground. If a Touch 
Memory pulls the 1-Wire data line low (e. g. at a pres- 
ence pulse or when sending out a zero data bit) , it shorts 
DTR to RXD, resulting in a positive voltage at RXD. This 
positive voltage arrives as a zero in the UART's receive 
data register. 



Probing the 1-Wire bus at the data contact and the 
1-Wire ground with an oscilloscope, would show noth- 
ing unusual, except that the voltage swing is at the 
upper end of the tolerable range. Probing RXD and TXD 
with another oscilloscope hooked up at the computer's 
ground, would also reveal quite normal waveforms. The 
only thing one might be concerned about is the poor neg- 
ative voltage of about -2.3V found at RXD. Probing all 
three signals (1-wire bus, TXD, RXD) with one oscillo- 
cope hooked up at the computer's ground, would show a 
nearly constant voltage of 3.9V at the 1-Wire bus. 

The positive voltage of approximately +4.1 V at RXD is 
well within the RS232-specification, the negative volt- 
age is slightly out of specification. Since the total swing 
on the 1 -Wire bus is limited to approximately 6V by the 
characteristics of Touch Memories, a more negative 
voltage could be produced by replacing D1 by a zener 
diode of 3.2V, for example. Unfortunately, this would 
increase the permanent current load for DTR. 

Fortunately, real RS232 receivers are more sensitive to a 
weak positive voltage than they are to a poor negative 
voltage. Although it is not completely within the specifica- 
tion of RS232, this interface with the components speci- 
fied on Figure 1 3 has proven to be reliable with most desk- 
top personal computers. Small computers, especially 
battery powered models, might not have the required cur- 
rent capability to run this interface. In case of difficulties, 
one should use the 5V RS232 interface instead. 

This interface is shipped with the Touch Memory Starter 
Kit DS9092K and is also sold separately as COM Port 
Adapter DS9097. It is applicable for reading all Touch 
Memories and writing to SRAM-based devices. Due to 
the high pullup voltage and the low pullup resistor, this 
interface together with the right software also allows 
operation of the Touch Thermometer directly through 
the COM Port. Software to operate this interface is 
explained later in this document. 

12V RS232 READ ALL CIRCUIT Figure 13 
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B. R/W all 

The simple adapter of Figure 13 can be upgraded for 
programming Add-Only Memories. Figure 14 shows 
the details. R1 and the diodes D1 to D4 are the same in 
both circuits. There is a new signal in use, called RTS. 
When doing normal 1-Wire communication, RTS is 
constantly at a high positive voltage of nominally +1 2V. 
As long as the voltage at RTS remains positive, Q1 and 
Q2 are conducting. This allows D1 and D2 to provide the 
same functions as in Figure 13. Since D1 and D2 are 
conducting, there is not enough voltage across D5 and 
D6 to draw any current. The gate-source voltage of Q3 
is determined by R2, R4, the voltage between DTR and 
RTS and the position of the contacts inside the connec- 
tor for the external DC supply. D7 prevents current flow 
from source to drain through the substrate diode of Q3 
when VDS is negative. If no external power supply is 
connected, R2 and R4 form a voltage divider providing a 
negative VGS for Q3. With an external power supply 
connected, R2 will hold the gate of Q3 at the same level 
as the source (VGS = OV). None of these conditions will 
allow any current flow through Q3. With a positive volt- 
age at RTS, the p-channel transistor Q4 remains non- 
conducting, regardless if an external power supply is 
connected or not. Thus the upgraded circuit behaves 
the same as the simple COM-Port adapter. 

To generate a programming pulse for EPROM based 
devices, RTS needs to be switched to a negative volt- 
age. This is done under software control by simply clear- 
ing the associated control bit in the UART and resetting 
the bit as soon as the programming pulse needs to be 
ended. Depending on whether an external supply is 
connected or not, the behavior of this circuit is slightly 
different. 

If there is no external supply, Q4 has no function and the 
following sequence occurs (Figure 14a): A negative 
voltage at RTS will switch off Q1 and Q2, activating D5 
and D6 instead of D1 and D2. This increases the voltage 
at DTR from 3.9V to 6.8V and defines a limit of 1 2V for 
the voltage on the 1 -Wire bus. Simultaneously, the neg- 
ative voltage at RTS will make VGS of Q3 equal to the 
voltage between DTR and RTS, which is a positive 
value. This will switch Q3 into a conducting state, feed- 
ing the negative voltage from RTS through D7 to the 



1-Wire ground. As soon as the voltage on the 1-Wire 
bus reaches 1 2V, D6 will become active as voltage lim- 
iter. Thus the voltage on RTS is limited to approximately 
-5.4V. During the programming pulse, the voltage at 
RXD will be -5.2V instead of -2.3V. This has no impact 
on the logic of the UART, since a positive voltage is 
required to trigger the reception of a character. 

The COM-Port powered mode of this circuit works 
properly if the RS232-drivers are able to provide 
enough current for programming. If more than one bit of 
the addressed memory byte need to be altered, then 
more current is needed during the programming pulse. 
Depending on the RS232 drivers, the available energy 
may not be sufficient for programming all bits of a byte. 
There are two possible solutions to this problem. One 
possibility uses an adaptive programming algorithm, 
where multiple passes are made for each byte. For 
example the software may program the first four bits of 
every byte on the first pass, and the remaining bits on 
the second pass. The other possibility is to provide an 
auxiliary energy source, i.e. by connecting an external 
12V DC supply. 

If the external supply is connected and operating, the 
contacts inside the connector will open. This prevents 
any current flow through Q3. As the voltage at RTS goes 
negative, Q1 , Q2, D5, D6 will do the same as without the 
external supply. Instead of having no function, Q4 now 
will connect the negative end of the external voltage 
source with the 1-Wire ground, providing the desired 
low-impedance programming voltage. Since RTS has 
no other load than the gates of four transistors, there will 
be the full voltage swing. The voltages at RXD and TXD 
are again determined by D5 and D6 and exhibit the 
same waveforms as before. 

This upgraded version of a COM-Port adapter is 
shipped with the EPROM-supporting revision of the 
Touch Memory Starter Kit DS9092K and is also avail- 
able as the DS9097E. It is applicable for reading and 
writing all Touch Memories. Due to the high pullup volt- 
age and the low pullup resistor, this interface together 
with the right software allows operation of the Touch 
Thermometer directly through the COM Port. 
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12V RS232 R/W ALL PROGRAMMING WAVEFORMS Figure 14a 
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VI. INTRINSICALLY SAFE 
A. Definition 

Touch Memories satisfy a very high safety standard 
which makes them well suited for applications in haz- 
ardous environments. Touch Memories meet the 
UL#913 (4th Edit.) requirements as Intrinsically Safe 
Apparatus, Approved under the Entity Concept for use 
in Class I, Division 1 , Group A, B, C, and D Locations. 
Intrinsically safe means that the probability of causing 
an explosion or accident in hazardous locations is not 
increased when using approved equipment, even if this 
equipment should be faulty. Since Touch Memories 
have been certified as intrinsically safe under the entity 
concept, they may reside in a hazardous environment 
but cannot be read or written in that environment unless 
the unit performing the reading or writing has also been 
certified as intrinsically safe under the same entity con- 
cept. 

The Touch Memory might be affixed to a tanker truck 
and contain maintenance information. The truck could 
enter and exit a hazardous location (fuel depot, for 
example) without concern over an increased potential 
for an explosion due to the Touch Memory device. If no 



intrinsically safe reader/writer is available, any updates 
to the Touch Memory would have to occur outside of the 
hazardous area. Should it be necessary to read or 
update the Touch Memory within the hazardous area 
(record the fuel dispensed, for example), a certified 
intrinsically safe reader/writer must be used. 

There are two options available to provide an intrinsi- 
cally safe reader/writer. The first involves taking any 
piece of equipment capable of reading or writing Touch 
Memories and submitting it to an approved NRTL 
(Nationally Recognized Testing LAB) to be tested and 
certified under the same entity concept as the Touch 
Memories. The second option takes advantage of read- 
er/writer equipment that has already been tested and 
certified as intrinsically safe (laptop computer, handheld 
reader, etc.) and uses those test results along with a 
specially designed Touch Memory probe adapter to 
create an entire system that is intrinsically safe. One 
such unit utilizing this second option is the PSION Orga- 
nizer II, Model LZ64. This unit is used as an example to 
show how an intrinsically safe system can be realized. 
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B. Example of an Intrinsically Safe System 

To use the LZ64 as an intrinsically safe Touch Memory 
Reader/Writer, an adapter is required. This adapter lim- 
its voltages and currents to safe values in the event a 
fault occurs. In the case of a fault, due to its internal 
construction, a maximum voltage of 17.22V at the 
1 6-pin connector of the LZ64 may occur allowing a cur- 
rent of up to 1 .55A. The adapter discussed here limits 
these values at the Touch Probe to a maximum voltage 
of 15V and a maximum current of 10mA (Values 
required by the Touch Memories in order to be certified 
as intrinsically safe.) These values together with the 
maximum inductance of 1 8 nH and maximum capaci- 
tance of 0.2nF of a Touch Memory fulfill the require- 
ments for a complete system that is intrinsically safe 
according to UL specifications. 

Figure 1 5 shows the complete circuit of the adapter. 
Essential components are the four current shunts 
Q1/R1 to Q4/R4, three Zener diodes D2 to D4 and one 
self-resetting fuse SS1. The Schottky diode D1 is 
optional. It protects Touch Memories by suppressing 
negative undershoots on the 1-Wire bus. 



If by fault the LZ64 presents up to 1 7.22V at its connec- 
tor and there is an open circuit at the Touch Probe, then 
the 12V Zener diodes D2 to D4 will limit the voltage at 
the Touch Probe to a value well below 1 5V. The intrinsi- 
cally-safe regulations demand that this limitation will 
work correctly even if two of the protecting devices 
should fail. Therefore three Zener diodes are provided 
instead of one. If a Zener diode fails, it will either repre- 
sent a short or it will be non-conducting. In either case, 
the voltage at the Touch Probe is limited to a safe value. 

If by fault the LZ64 presents up to 1 7.22V at its connec- 
tor and there is a short at the Touch Probe, then a current 
will flow through the resistors R1 to R4. The voltage drop 
across these resistors acts to turn on their respective 
transistors and causes base currents to flow. These 
base currents multiplied by the current gain of the tran- 
sistors will direct most of the current to ground and limit 
the current at the Touch Probe to less than 10mA. Q1 
will sink most of the current. Two of these Q/R stages 
are required to limit the current available at the Touch 
Probe under worst case conditions to less than 10mA. 
The other two current shunts are redundant since again 
the circuit must operate correctly with up to two faults. 
The self-resetting fuse with a trip point below 100mA 



will open in less than one second and thus prevent ther- 
mal damage to the transistors. It will also serve as an 
indicator to the operator that a fault or malfunction has 
occurred. 

Although this adapter is designed for use with the LZ64, 
it can be used with similar intrinsically safe equipment 
with the same or lower faulted open-circuit voltage or 
short-circuit current to form a Touch Reader/Writer. 
This adapter does not impede writing to EPROM based 
Touch Memories. 

VII. COMMENTED SOFTWARE 

A. Software Architectural Model 

The software that manages data transfer to and from 
Touch Memories is related to the ISO reference model 
of Open System Interconnection (OSI). This model 
specifies a layered protocol having up to seven layers, 
denoted as Physical, Link, Network, Transport, Ses- 
sion, Presentation, and Application. The Application 
layer represents the final application designed by the 
customer. A Session layer may or may not be needed, 
depending on the environment in which the Touch 
Memories are used. 

According to the ISO model, the electrical and timing 
requirements of Touch Memory and the characteristics 
of the 1-Wire bus comprise the Physical layer. Details 
have already been given in section II of this document. 

The Link layer defines the basic communication func- 
tions of Touch Memories, which are the hardware 
t functions of Reset, Presence Detect and bit 
Circuits for interfacing Touch Memories and 
general information on the software to operate these 
interfaces have already been presented in sections III, 
IV, and V. In this section, the software itself, specifically 
the functions TouchReset and TouchByte, are dis- 
cussed in detail. 

The Network layer provides the identification of Touch 
Memories and the associated network capabilities 
based on the unique lasered identification number. Soft- 
ware for this layer is built up using the low-level func- 
tions of the Link Layer. Since this software is indepen- 
dent of any particular interface, it is not within the scope 
of this document. 
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The Transport layer is responsible for the data transfer 
between the non-ROM segments of Touch Memories 
and the master, and the data transfer from the scratch- 
pad to the final storage areas and special registers of 
the Touch Memory. Due to their EPROM technology, 
Add-Only Memories require special attention for writing 
data. The Touch Thermometer may require special 
hardware together with appropriate software to do a 
temperature measurement. To comply these devices, 
the hardware specific function PulWidth has been pro- 
vided on the Transport layer. Details are given in this 
chapter. All other software of the transport layer is inde- 
pendent of the type of interface, and therefore is not dis- 
cussed here. 

The layers Link, Network, and Transport are the founda- 
tions of the Presentation layer. This layer provides a 
DOS-like file system supporting functions like Format, 
Directory, Type, Copy, Delete, Optimize, and integrity 
check. Since the Presentation layer itself is based on 
software of the lower layers, its software is independent 
of any particular interface. Full details of the Presenta- 
tion layer are given in the Touch Memory Executive 



DS0620. For software examples beyond the hardware 
dependent functions TouchReset, TouchByte and Pul- 
Width, please refer to the "Book of DS19xx Touch 
Memory Standards" and the Touch Memory Starter Kit 



A matrix that indicates which software of this section 
matches with which hardware is given in Table 3. For the 
5V TTL type interface, assembly language code for the 
8051 has been provided. For the group of interfaces 
50, code examples in Pascal and 
particular software has been 
to and verified with IBM-compatible PCs 
employing a 8253 timer at 2.3863633 MHz and running 
under DOS. The timing is practically independent of the 
CPU clock rate. Under WINDOWS there is a lot more 
software being executed around an application pro- 
gram. This overhead introduces a significant influence 
from the CPU clock rate to the desired timing with the 
function PulWidth. The functions TouchReset and 
TouchByte are timed by the UART only and therefore 
are independent of the operating system. 



SOFTWARE/HARDWARE MATRIX Table 3 



LANGUAGE 


8051 ASM 


PASCAL AND C 


TIMING 


CPU CRYSTAL 


8250 UART (1.8 MHz) and 
8253 TIMER (2.4 MHz) 


Electric Type 


5VTTL 


5V RS232. 12V RS232 


SRAM R/W 
EPROM Read 


TouchReset, TouchByte 1.8 or 11 MHz 



TouchReset and TouchByte Pascal or C-Lan- 
guage 


EPROM Write 


0.5 ms pulsewidth: 
PULWIDTH(1)at1.8 MHz 
PULWIDTH(6)at11 MHz 




0.5 ms pulsewidth: 
PULWIDTH(1193) 
under DOS 





B. TTL-lnterface R/W all 

As a representative for all microprocessor timed 1 -Wire 
interfaces the industry-standard 8051 microcontroller 
has been chosen. The following pages show two ver- 
sions of assembly language code to provide the func- 
tions TouchReset and TouchByte. The first example is 
written for an 11 .0592 MHz crystal, the second one for 
1 .8432 MHz. The higher frequency is very common 
since it supports all standard baud rates with the highest 
accuracy. The lower frequency is the lowest that can 
comply with the 1-Wire timing. The port to be used as 
1-Wire bus is defined in the parameter DATA_BIT. 
Parameter passing from the : 



and TouchByte is very simple: If a Touch Memory is 
present on the 1 -Wire bus, TouchReset will return a set 
carry flag; otherwise carry is cleared. To send one byte 
to the 1-Wire bus, the byte to be sent is loaded into the 
accumulator before calling TouchByte. If one intends to 
read, the accumulator is loaded with FFH. This gener- 
ates correct Read Data Time Slots and returns data 
from the 1-Wire bus to the calling program through the 
accumulator. These conventions are valid for both ver- 
sions of TouchReset and TouchByte. 

The procedure to generate a programming pulse is the 
same for both clock frequencies. It generates a 0.5 ms 
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LOW pulse at the port named PROGRAM. If the clock 
frequency is 1 .8 MHz, then the accumulator needs to be 
loaded with 1 before calling this procedure. For a clock 
frequency of 1 1 MHz the value of 6 loaded into the accu- 
mulator will generate a pulse of the same duration. Soft- 



ware considering the Touch Thermometer will be pub- 
lished as soon as the device is available. Generally, it is 
not a difficult task to adapt the procedure PulWidth to a 
pulsewidth of 2 seconds. 



8051 ASSEMBLY LANGUAGE, 11.0592 MHZ 

BIT PO.O 



DATA_BIT 



The following 8051 code uses a bi-directional port pin (specified by 
DATA_BIT) for 1-wire I/O. This code was written for an 11.0592 MHz 
crystal . 

Procedure TouchReset 



TOUCHRESET: 



This procedure transmits the Reset signal to the Touch 
Memory and watches for a presence pulse. On return, 
the Carry bit is set if a presence pulse was detected, 
otherwise the Carry is cleared. The code is timed for 
MHz crystal. 



MHz crysta_. 



WAITLOW: 



WH: 



HL : 



SHORT: 



JB 
DJNZ 
DJNZ 
SJMP 

MOV 

ORL 
DJNZ 

POP 
POP 
RET 



DATA_BIT, 
B, 

ACC, 
SHORT 



WH 

WAITLOW 
WAITLOW 



Exit loop if line high. 
Hang around for 3360 

us if line is low. 
Line could not go high. 



PUSH 


B 






Save the B register. 


PUSH 


ACC 






Save the accumulator. 


MOV 


A, 


#4 




Load outer loop variable. 


CLR 


DATA_BIT 






Start the reset pulse. 


MOV 


B, 


#221 


2. 


Set time interval . 


DJNZ 


B, 


$ 


442. 


Wait with Data low. 


SETB 


DATA_BIT 




1. 


Release Data line. 


MOV 


B, 


#6 


2. 


Set time interval. 


CLR 


C 




1. 


Clear presence flag. 



B, 

C, 
B, 

ACC 
B 



#111 



/DATA_BIT 
HL 



Delay for presence detect. 

222. Catch presence pulse. 
222. Wait with Data high. 

Restore accumulator. 
Restore B register. 
Return. 



Procedure TouchByte 



The procedure TouchByte sends the byte in the accumulator 

to the Touch Memory and simulatneously returns one 

byte from the Touch Memory in the accumulator. Note that 
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the NOPs in the following code are intended to give the 
optimum performance when using a 11.0592 MHz crystal. 
Their purpose is to make the pulses as long as 
possible consistent with the Touch Memory timing 
constraints. When using other crystal frequencies, 
the delays in this code should be adjusted to conform 
to the timing requirements of the Touch Memory. 



BIT LOOP: 



TOUCHBIT: 



TOUCHBYTE : 



PUSH 
MOV 

RRC 

CALL 

DJNZ 

RRC 

POP 

RET 

CLR 

NOP 

NOP 

NOP 

NOP 

MOV 

NOP 

NOP 

NOP 

NOP 

NOP 

NOP 

MOV 

PUSH 

MOV 

DJNZ 

POP 

SETB 

RET 



B 
B, 



#8 



A 

TOUCHBIT 

B, BITLOOP 

A 

B 



DATA BIT 



DATA_BIT, C 



C, 

B 

B, 

B, 

B 

DATA BIT 



DATA_BIT 

#12H 
$ 



Save the B register. 
Setup for 8 bits . 

1 . Get bit in carry . 

2. Send bit. 

2. Get next bit. 

Get final bit in ACC. 
Restore B register. 
Return to caller. 

1. Start the time slot. 

1 . Delay to make sure 

1 . that the Touch Memory 

1 . sees a low for at 

lit least 1 microsecond. 

2 . Send out the data bit . 
1. Delay to give the 

1. data returned from 

1 . the Touch Memory 

1. time to settle 

1. before reading 

1. the bit. 

1. Sample input data bit. 

2. Save B register. 

2 . Delay until the end 
36. of the time slot. 

Restore B register. 

Terminate time slot. 

Return to caller. 



; End of module. 



8051 ASSEMBLY LANGUAGE, 1.8432 MHZ 

; Touch Memory I/O Procedures for use with a 1.8432 MHz crystal. 



C: 

CLR 

MOV 

DJNZ 

NOP 

SETB 



DATA_BIT ; - Pull the data line low. 

B, #35 ; 2 Hold the data line 

B, $ ; 70 low for 481.77 

; 1 microseconds . 

DATA_BIT ; 1 Release the data line. 
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WAITLOW: 



WAITHIGH: 



HL: 



ABORT : 



TOUCHB YTE : 



BIT LOOP: 



MOV 
CLR 

JB 

DJNZ 

SJMP 

MOV 

ORL 
DJNZ 

RET 

MOV 

RRC 
JC 
CLR 
SJMP 

CLR 
SETB 



B, 

C 



#130 



DATA_BIT, WAITHIGH ; 
B, WAITLOW 
ABORT ; 



B, 



#18 



C, /DATA_BIT ; 



B, 



HL 



DELAYSET: 



B, 

SENDONE 

DATA_BIT 

DELAYSET 

DATA_BIT 
DATA_BIT 

D t,Jli»I 



#8 



DATA BIT 



NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 

SETB DATA_BIT 

DJNZ B, BIT_LOOP 

RRC A 

RET 



2 Short circuit timeout. 

1 Presence pulse detector. 

260 Go look for Presence pulse. 
260 Abort on short circuit. 

Short circuit (3.8877 ms). 

2 Prepare for high period. 

36 Trap the Presence pulse. 
36 Wait out 481.77 microsec. 

Return. 

Prepare to move 8 bits. 

Move LSB to Carry. 
If Carry then send 1. 
Otherwise send . 
2 Wait out rest of time slot. 

Start read/write 1 slot. 
1 Set data line. 
1 Read data line. 

1 Delay 7 more cycles 

1 to produce enough 

1 delay to complete 

1 the time slot. 

1 

1 

1 

1 Done (65.1 microseconds). 
Repeat to send 8 bits. 
Align final result. 
Return . 



8051 ASSEMBLY LANGUAGE PULSEWIDTH (1.8432 AND 11.0592 MHZ) 

PROGRAM BIT Pn . i 

This procedure generates a 0.5 ms low pulse on port 
Pn.i of an 8051 microprocessor, where <= n <= 3 
and <= i <= 7 . The frequency of the crystal, in 
multiples of the minimum frequency 1.8432 MHz, must 
be passed in the accumulator. 



PULWIDTH : 

MOV B, #38 ; Number of loops at 1.8432 MHz. 

MUL AB ; AB = # of loops given frequency. 

INC B ; Adjust count value for 
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PUSH PSW 

CLR EA 

CLR PROGRAM 



LOOP: 



DJNZ 

DJNZ 

SETB 

POP 

RET 



ACC, 
B, 

PROGRAM 
PSW 



LOOP 
LOOP 



use with DJNZ instruction. 
Preserve state of interrupts . 
Inhibit all interrupts. 
Bring the port pin low. 

Count while 

pin is low. 
Bring the port pin high. 
Restore state of interrupts. 
Return. 



C. RS232 Interface R/W all 

UARTs like the 8250 can be connected to any micropro- 
cessor to implement a RS232 type interface. The soft- 
ware to operate the UART mainly consists of reading 
and writing the UART's internal registers (Figure 8) . This 
can easily be done in any high level language. Depend- 
ing on the computer, the physical address of the UART 
will be different, but the crystal will usually be a 1 .8432 
MHz type. Not regarding the UART's physical address, 
the software examples for TouchReset and TouchByte 
given on the following pages are very general. The lan- 
guages C and Pascal are very common and a variety of 
compilers is available. 

Unfortunately, the UART does not control the timing of 
the signals DTR and RTS. It only allows activation or 
deactivation of these signals by setting or clearing bits 
inside its control registers. The timing itself is left to the 
microprocessor and its peripheral timing circuits. From 
the software developer's point of view this is a step 
backwards to assembly language, where every com- 
mand and its execution time at a specified clock fre- 
quency need to be counted. For this reason it is not pos- 



C LANGUAGE FOR UART 8250 SYSTEMS 



sible to provide machine-independent software to 
generate the programming pulse. 

The most common computer using a 8250 type UART to 
implement a RS232 interface is the IBM-compatible 
PC. These machines employ a programmable interval 
timer 8253 running at 2.3863633 MHzfor general timing 
purposes. This timer is involved in controlling the timing 
of the software examples of PulWidth. The pulsewidth is 
specified by a formal parameter passed to PulWidth. 
For 0.5 ms the value of this parameter is 1193 decimal. 
Under DOS, the software examples given below will 
perform accurately and almost independent of the CPU 
clock. Due to a very different environment and use of 
resources under WINDOWS, the pulses will be longer 
and also dependent on the CPU clock. This can be com- 
pensated for experimentally by reducing the value of the 
parameter passed to PulWidth. Software considering 
the Touch Thermometer will be published as soon as the 
device is available. For the 5V-type RS232 interface a 
pulsewidth of 2 seconds will be required for the strong 
pullup to 5V. The 12V RS232 interface has enough 
power available to run one Touch Thermometer without 
extra power switching. 



/* 



In the following C language code, 1— wire I/O is accomplished using the 
serial port of an IBM PC or compatible. The serial port must be capable 
of a 115,200 bps data rate. Setup must be called before any of the 
touch functions to verify the existence of the specified com port and 
initialize it. 



The setup function makes sure that the com port number passed to it 
is from 1 to 4 and has a valid address associated with it. 



*/ 

uchar Setup (uchar CmPt) 
{ 
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uint far *ptr = (uint far *) 0x00400000; 
uint SPA; 

/* check to see if it is a valid com port number and address */ 
SPA = *(ptr+CmPt-l) ; /* get the address */ 
if (CmPt < 1 | | CmPt > 4 | | !SPA ) 
return FL; 

/* serial port initialization */ 

outportb(SPA+3,0x83) ; /* set DLAB */ 

outportb(SPA ,0x01); /* bit rate is 115200 */ 
outportb(SPA+l,0x00) ; 

outportb(SPA+3, 0x03) ; /* 8 dta, 1 stp, no par */ 

outportb(SPA+l,0x00) ; /* no interrupts */ 

outportb(SPA+4,0x03) ; /* RTS and DTR on */ 

return TR; 

} 

/* 

* Do a reset on the 1 wire port and return no presence detect 

* 1 presence pulse no alarm 

* 2 alarm followed by presence 

* 3 short circuit to ground 

* 4 no com port found 
* 

* The global variable 'comport' must be set to the com port that the 

* DS9097 COM Port Adapter is attached to before calling this routine. 
* 

*/ 

uchar TouchResetf void ) 
{ 

uint SPA,F,X, Y,tmp,trst=0; 
uint far *ptr = (uint far *) 0x00400000; 
ulong far *sysclk = (ulong far *) 0x0040006c; 
ulong M; 

/* get the serial port address */ 
SPA = * ( ptr+com_port— 1 ) ; 

/* return if there is no address */ 
if ( !SPA) return 4; 

/* serial port initialization */ 

outportb(SPA+3,0x83); /* set DLAB */ 

outportb(SPA ,0x01); /* bit rate is 115200 */ 
outportb ( SPA+ 1,0x00) ; 

outportb(SPA+3,0x03) ; /* 8 dta, 1 stp, no par */ 

outportb (SPA+1, 0x00 ) ; /* no interrupts */ 

outportb(SPA+4,0x03) ; /* RTS and DTR on */ 
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/* Initialize the time limit */ 
M = *sysclk +1; 

/* loop to clear the buffers */ 

do { tmp = inportb ( SPA+5 ) £. 0x60; } while (tmp != 0x60); 



/* flush input */ 

while (inportb (SPA+5) & 0x1) X = inportb( SPA) ; 

outportb(SPA+3,0x83) ; /* set DLAB */ 

outportb(SPA+ 1,0x00) ; /* baud rate is 10473 */ 
outportb(SPA ,0x0B); 

outportb(SPA+3,0x03) ; /* 8 dta, 1 stp, no par */ 

outportb(SPA ,0xF0); /* send the reset pulse */ 

/* wait until character back or timeout */ 

do 

{ 

Y = inportb ( SPA+5 ) ; 
F = Y & 0x1; 
} while ( !F && (*sysclk <= M) ); 

if (F) X = inportb ( SPA) ; 
else return 3; 

if (X != OxFO) /* if more bits back than sent then there */ 

{ /* is a device if framing error or break */ 

trst = TR; 

if ( (Y & 0x18) != ) 
{ 

trst = 2; 

/* loop to clear the buffers */ 

do { tmp = inportb (SPA+5) & 0x60; } while (tmp != 0x60); 

/* wait until character back or timeout */ 

do 

{ 

Y = inportb ( SPA+5 ) ; 
F = Y & 0x1; 
} while ( !F && (*sysclk <= M) ); 

if (F) X = inportb(SPA) ; 
else return 3; 

} 

} * Tci 0taM 3**o **rfr- Juqai 

outportb(SPA+3,0x83) ; /* set DLAB */ 
outportb(SPA ,0x01); /* bit rate is 115200 */ 
outportb(SPA+3,0x03) ; /* 8 dta, 1 stp, no par */ 
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return trst; 



/* 

* This is the 1— Wire routine 'TouchByte', sometimes called 'DataByte'. 

* It transmits 8 bits onto the 1— Wire data line and receives 8 bits 

* concurrently. The global variable 'com_port' must be set to the 

* com port that the serial brick is attached to before calling this 

* routine. This com port must also be set to 115200 baud, 8 dta, 1 stp, 

* and no parity. This routine returns the uchar 8 bit value received. 

* If it times out waiting for a character then OxFF is returned. 
*/ 

uchar TouchByte (uchar outch) 
{ 

uchar inch=0 , sendbit, Mask=l ; 
uint SPA; 

uint far *ptr = (uint far *) 0x00400000; 
ulong far *sysclk = (ulong far *) 0x0040006c; 
ulong M; 

/* get the serial port address */ 
SPA = * ( ptr+comjport-1 ) ; 

/* Initialize the time limit */ 
M = *sysclk +2; 

/* wait to TBE and TSRE */ 

do {} while ( ( inportb( SPA+5 ) & 0x60) != 0x60 ); 

/* flush input */ 
while ( (inportb( SPA+5) & 0x1) ) 
inportb(SPA) ; 

/* get first bit ready to go out */ 
sendbit = (outch & 0x1) ? OxFF : 0x00; 

/* loop to send and receive 8 bits */ 

do 

{ 

outportb (SPA, sendbit ) ; /* send out the bit */ 

/* get next bit ready to go out */ 
Mask «= 1; 

sendbit = (outch & Mask) ? OxFF : 0x00; 

/* shift input char over ready for next bit */ 
inch »= 1; 

/* loop to look for the incoming bit */ 

for ( ; ; ) 

{ 

/* return if out of time */ 
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> 



if ( *sysclk > M ) 
return OxFF; 

if ( inportb(SPA+5) & 0x01 ) 
{ 

inch |= ( (inportb(SPA) & 0x01) ? 0x80 : 0x00); 
break; 

} 

y 

} while (Mask); 

return inch; /* return the input char */ 



C LANGUAGE PULSEWIDTH FOR SYSTEMS USING 8253 AND 8250 

// standard include header file 
#include <dos.h> 

// function prototype 

void PulWidth( unsigned int); 



// global variable 



int SPA; 



// 

// This procedure creates a fixed pulse width for programming that is 
// approximately independent of system clock speed. X is in units of 

// 0.419 microseconds for values greater than about 1000. 

/ / 

void PulWidth( unsigned int X) 
i 

unsigned int N,M; 

disable(); // turn off interrupts 

outportb(SPA+4, ( inportb( SPA+4 ) & OxFD)); // apply program pulse to rts 

outportb( 0x43,0) ; // freeze value in timer 

M = inportb(0x40) ; // read value in timer 

M |= (inportb(0x40) « 8); 

do 

{ 

outport ( 0x43,0) ; // freese value in timer 

N = inportb(0x40) ; // read value in timer 

N |= (inportb(0x40) « 8); 

} 

while (X > (M — N ) ) ; 

outportb ( SPA+4, (inportb( SPA+4) | 0x02)); // remove program Voltage 
enable)); // turn interrupts on 

} 
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PASCAL LANGUAGE FOR UART 8250 SYSTEMS 

{ 

In the following pascal code 1-wire I/O is accomplished using the 
serial port of an IBM PC or compatible. The serial port must be capable 
of a 115,200 bps data rate. 

} 

Const 

SPA : Word = ; { Currently active serial port address } 

Function TouchReset (N : Byte): Boolean; 

{ 

This function transmits the one-wire protocol reset sequence to 
the device connected to COM port number N . This sequence consists 
of a low pulse lasting a mimimum of 480 us followed by a high dead 
time lasting a mimimum of 480 us. The function returns True if a 
presence detect pulse occurs during the dead time, otherwise 
it returns False. 

Const 

Init : Array[1..4] of Boolean = (True, True, True, True); 



Var 

S : Array [1.. 4] of Word Absolute $40:0; 
T : Longlnt Absolute $40:$6C; 



M : Longlnt; 
F : Boolean; 
X, Y : Byte; 

Begin 

SPA := 0; TouchReset := False; { Assume failure } 

If (N > 0) and (N < 5) and (S[N] > 0) then Begin { Legal port # } 

SPA := S[N]; { Save active serial port address } 
If Init[N] then Begin { Serial port requires initialization } 

Port [SPA +3] := $83; { Set the DLAB } 

Port [SPA] := 1; { Bit rate is } 

Port[SPA +1] := 0; { 115200 bps } 

Port[SPA +3] := 3; {8 dta, 1 stp, no par } 

Port [SPA +1] := 0; {No interrupts } 

Port [SPA +4] := 3; { RTS and DTR on } 

Init[N] := False; { Initialization completed } 
End; 

M := T +1; { Initialize the time limit } 

Repeat until Port [SPA +5] and $60 = $60; { Await TBE & TSRE } 

While Odd (Port [SPA +5]) do X := Port [SPA]; { Flush input } 

Port [SPA +3] := $83; { Set DLAB } 

port[SPA+l] := 0; { Baud rate ±s 10473 } 
Port[SPA] := 11; 

Port [SPA +3] := 3; {8 data, 1 stop, no parity } 

Port [SPA] := $F0; { Send the reset pulse } 

Repeat { Wait until character back or timeout } 

Y := Port [SPA +5]; 

F := Odd(Y); 
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until F or (T > M); 

If F then X := Port [SPA] else X := $F0; 

If (X <> $F0 ) Then Begin { If more bits back than sent } 

TouchReset := True; { then there is a device } 

If ( ( Y and $18) <> 0) Then Begin { Framing error or break } 
Repeat until Port[SPA +5] and $60 = $60; { TBE & TSRE } 
Repeat F := Odd(Port[SPA +5]) until F or (T > M) ; 
If F then X := Port[SPA]; 
End; 
End; 

Port [SPA +3] := $83; { Set the DLAB } 

Port[SPA] := 1; { Bit rate is 115200 bps } 

Port[SPA +3] := 3; {8 dta, 1 stp, no par } 

End; 

Function TouchByte (X: Byte): Byte; 

{ 

This function transmits the byte X to the device attached to the 
currently active serial port SPA, and returns a byte from the 
device as its value. 

} (aiept larniJ n. a. 1st 

Var 

T : Longlnt Absolute $40:$6C; 
M : Longlnt; 
I , J : Byte ; 
Begin 

If SPA = then TouchByte := X else Begin 

M := T +1; { Initialize the time limit } 

Repeat until Port[SPA +5] and $60 = $60; { Await TBE & TSRE } 
While Odd(Port[SPA +5]) do I := Port[SPA]; { Flush input } 

I := 0; J := 0; { Initialize output & input bit counters } 

Repeat 

If Odd (Port [SPA +5]) then Begin 

Inc(J); If Odd ( Port [ SPA ] ) then X := X or $80; 

End else If (K=J) and (Port[SPA+5] and $20 = $20) then Begin 
If Odd(X) then Port[SPA] := $FF else Port[SPA] := 0; 
X := X shr 1; Inc(I) ; 

End; 

Until (J M 8) or (T > M); 
While (J < 8) do Begin 

X := X shr 1 or $80; 

Inc( J) 
End; 

TouchByte := X; 
End; 
End; 
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PASCAL LANGUAGE PULSEWIDTH FOR SYSTEMS USING 8253 AND 8250 

Procedure PulWidth(X : Word); 

{ { *Q9* «*<U H tti ***d 

This procedure creates a fixed pulse width for programming 
that is approximately independent of system clock speed. When 
used in an IBM PC or compatible computer operating under MS- 
DOS, X is in units of 0.419 microseconds for values of X 
greater than about 1000. The procedure can be used with any 
processor having an 8250 UART I/O mapped to base port address 
SPA and an 8253 timer mapped to base port address $40, 
operating with an input clock of 2.386363 MHz and with its 
count limit set to the maximum value. 

} 

Var 

M, N : Word; 
Begin 

Inline ( $FA) ; 

Port [SPA +4] := Port [SPA +4] and $FD; 
Port[$43] := 0; 

M := Port[$40] shl 8 or Port[$40]; 
Repeat 

Port[$43] := 0; 

N := Port[$40] shl 8 or Port[$40]; 
Until M — N >= X; 

Port [SPA +4] := Port [SPA +4] or 2; 
Inline ( $FB ) ; 
End; 



{Turn off interrupts} 
{Apply Program Pulse on RTS} 
{Freeze value in timer} 
{Read value in timer} 
{Loop to consume real time} 
{Freeze value in timer again} 
{Read new value in timer} 
{See if "X" usee have elapsed} 
{Remove Program Voltage} 
{Turn interrupts on} 



VIII. SUMMARY 

This application note explains the hardware of different 
types of 1-Wire interfaces and software examples 
adapted to this hardware. Depending on the types of 
Touch Memories required for a project and the type of 
computer to be used, the most economic interface is 
easily found. The hardware examples shown are basi- 
cally two different types: 5 V general interface and 1 2 V 
RS232 interface. Within the 5V group a common printed 
circuit board could be used for all four circuits. The varia- 
tions can be achieved by different population of compo- 
nents (Table 4). The same principle is used for the 1 2V 
RS232 interface. The population determines if it is a 
Read all or a Read/Write all type of interface (Table 5). 



There are other possible circuit implementations to 
create a 1-Wire interface. The circuits described in this 
application note cover many different configurations. 
For a custom application, one of the described options 
can be adapted to meet individual needs. The circuits 
can be used for reading and writing SRAM based Touch 
Memories, for individually programming EPROM based 
Touch Memories and for temperature measurement 
with the DS1920 Touch Thermometer. For program- 
ming large quantities of EPROM based Touch Memo- 
ries with the same data (gang programming) commer- 
cial programmers are available from several 
independent companies. A list of vendors is available 
from Dallas Semiconductor on request. 
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PARTS LIST FOR 5V SERIAL TO 1-WIRE PORT ADAPTERS (FOUR OPTIONS) Table 4 



POSITION 


TTL READ ALL 


5V RS232 RD ALL 


TTL RW ALL 


5V RS232 RW ALL 


C1 


empty 


empty 


1 0[i tantalum 


1 0n tantalum 


C2 


empty 


empty 


1 50p, ceramic 


1 50p, ceramic 


D1 


1N5242 (12V) 


1N5242 (12V) 


1N5242 (12V) 


1N5242 (12V) 


D2 


1 N5232 (5.6V) 


1 N5232 (5.6V) 


1N5242 (12V) 


1N5242 (12V) 


D3 


empty 


1N5232 (5.6V) 


empty 


1N5242 (12V) optional 


D4 


empty 


empty 


1N5242 (12V) 


1N5242 (12V) 




D5 


empty 


empty 


ERA-82-004 


ERA-82-004 


D6 


empty 


empty 


1N5818 


1N5818 




D7 


short 


short 


empty 


ERA-82-004 optional 


IC1 


empty 


empty 


LT1109CN8-12 


LT1109CN8-12 


Q1 


2N7000 


2N7000 


2N7000 


2N7000 


Q2 


short GD 


2N7000 


short GD 


2N7000 


Q3 


empty 


empty 


2N7000 


2N7000 


Q4 


empty 


empty 


2N7000 


2N7000 


Q5 


empty 


empty 


BSS110 


BSS110 


R1 


4.7 kQ 


4.7 kQ 


4.7 kQ 


4.7 kQ 


R2 


empty 


4.7 kQ 


empty 


4.7 kQ 


R3 


empty 


empty 


100 kQ 


100 kQ 


R4 


empty 


empty 


100 kQ 


100 kQ 


R5 


empty 


empty 


47 kQ 


47 kQ 


L1 


empty 


empty 


see text 


SG© t©xt 
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PARTS LIST FOR 12V COM PORT TO 1-WIRE ADAPTERS (TWO OPTIONS) Table 5 



POSITION 


READ ALL 


RWALL 


D1 


empty 


1N5228 (3.9V) 


D2 


empty 


1 N5234 (6.2V) 


D3 


ERA-82-004 


ERA-82-004 


D4 


ERA-82-004 


ERA-82-004 


D5 


1N5228(3.9V) 


1 N5235 (6.8V) 


D6 


1 N5234 (6.2V) 


1N5242 (12V) 


D7 


empty 


ERA-82-004 


Q1 


empty 


2N7000 


Q2 


empty 


2N7000 


Q3 


empty 


2N7000 


Q4 


empty 


BSS110 


R1 


1.5 kQ 


1 .5 kQ 


R2 


empty 


1000 kQ 


R3 


empty 




empty 


R4 




empty 


39 Q 



062094 40/40 



264 



SOFTWARE PROTECTION: 
THREE-WIRE PRODUCTS 

ft*? $ « • ! 



265 



DS1204V 



DALLAS 

SEMICONDUCTOR 



DS1204V 

Electronic Key 



FEATURES 

• Cannot be deciphered by reverse engineering 

• Partitioned memory thwarts pirating 

• User-insertable packaging allows personal posses- 
sion 

• Exclusive blank keys on request 

• Appropriate identification can be made with a 64-bit 
reprogrammable memory 

• Unreadable 64-bit security match code virtually pre- 
vents deciphering by exhaustive search with over 
10 19 possibilities 

• 1 28 bits of secure read/write memory create addition- 
al barriers by permitting data changes as often as 
needed 

• Rapid erasure of identification security match code 
and secure read/write memory can occur if tampering 
is detected 

• Low-power CMOS circuitry 

• Four million bps data rate 

• Durable and rugged 

• Applications include software authorization, gray 
market software protection, proprietary data, financial 
transactions, secure personnel areas, and system ac- 
cess control 



PIN ASSIGNMENT 



DALLAS 



DS 1204V 

ELECTRONIC KEY 



SIDE 




BOTTOM: PIN VIEW 



1.0 IN N 



See Mech. Drawing - Pg. 350 



PIN DESCRIPTION 




Pin 1 - V cc 


+5 Volts 


Pin 2 - RST 


Reset 


Pin 3 - DQ 


Data Input/Output 


Pin 4 - CLK 


Clock 


Pin 5 - GND 


Ground 



DESCRIPTION 

The DS1204V Electronic Key is a miniature security 
system that stores 64 bits of user-definable identifica- 
tion code and a 64-bit security match code that protects 
1 28 bits of read/write nonvolatile memory. The 64-bit 
identification code and the security match code are pro- 
grammed into the key via a special program mode oper- 
ation. After programming, the key follows a procedure 
with a serial format to retrieve or update data. Interface 
cost to a microprocessor is minimized by on-chip circuit- 
ry that permits data transfer with only three signals: 
Clock (CLK), Reset (RST), and Data Input/Output (DQ). 



Low pin count and a guided entry for mating receptacle 
overcome mechanical problems normally encountered 
with conventional integrated circuit packaging, making 
the device transportable and user-insertable. 

OPERATION - NORMAL MODE 

The Electronic Key has two modes of operation: normal 
and program. The block diagram (see Figure 1) illus- 
trates the main elements of the key when used in the 
normal mode. To initiate data transfer with the key, RST 
is taken high and 24 bits are loaded into the command 
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register on each low-to-high transition of the CLK input. 
The command register must match the exact bit pattern 
that defines normal operation for read or write, or com- 
munications are ignored. If the command register is 
loaded properly, communications are allowed to contin- 
ue. The next 64 cycles to the key are reads. Data is 
clocked out of the key on the high-to-low transition of the 
clock from the identification memory. Next, 64 write 
cycles must be written to the compare register. These 



64 bits must match the exact pattern stored in the secu- 
rity match memory. If a match is not found , access to ad- 
ditional information is denied. Instead, random data is 
output forthe next 1 28 cycles when reading data. If write 
cycles are being executed, the write cycles are ignored. 
If a match is found, access is permitted to a 1 28-bit read/ 
write nonvolatile memory. Figure 2 is a summary of nor- 
mal mode operation and Figure 3 is a flow chart of the 
normal mode sequence. 



BLOCK DIAGRAM - NORMAL MODE Figure 1 



D/Q 

<z 



CLK 



CONTROL 
LOGIC 



RST 



J 



n A 



64-BIT 
IDENTIFICATION 



64-BIT 
SECURITY MATCH 



COMMAND REGISTER 



COMPARE REGISTER 



128-BIT 
SECURE MEMORY 



RANDOM DATA 



SEQUENCE - NORMAL MODE Figure 2 

PROTOCOL IDENTIFICATION 



SECURITY MATCH 



COMMAND WORD 


64 READ CYCLES 


64 WRITE CYCLES 







MATCH 



SECURE MEMORY 



128 READ OR WRITES 
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FLOW CHART - NORMAL MODE Figure 3 



-^{ ^RESET HIGH ^) 



NO 



OUTPUT GARBLED 
DATA 



f 



WRITE COMMAND 




NO ^ MATCH 

FOR READ OR, 
WRITE, 



READ 64 BITS 



I 




READ OR WRITE 
128 BITS BASED 
ON PROTOCOL 



1 



STOP 



I 



PROTOCOL 





I . 

WRITE 64 BITS 







IDENTIFICATION 



SECURITY MATCH 



RESET LOW 



SECURE NV RAM 
OUTPUT IN HIGH Z 



PROGRAM MODE 

The block diagram in Figure 4 illustrates the main ele- 
ments of the key when used in the program mode. To ini- 
tiate the program mode, RST is driven high and 24 bits 
are loaded into the command register on each 
low-to-high transition of the CLK input. The command 
register must match the exact pattern that defines pro- 



gram operation. If an exact match is not found, the re- 
mainder of the program cycle is ignored. If the command 
register is properly loaded, then the 1 28 bits that follow 
are written to the identification memory and the security 
match memory. Figure 5 is a summary of program mode 
operation and Figure 6 is a flow chart of program mode 
operation. 



£00 
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BLOCK DIAGRAM - PROGRAM MODE Figure 4 

D/Q 



< 







CLK 



RST 



CONTROL 
LOGIC 



64-BIT 
IDENTIFICATION 



64-BIT 
SECURITY MATCH 



COMMAND REGISTER 



SEQUENCE - PROGRAM MODE Figure 5 

PROTOCOL IDENTIFICATION 



SECURITY MATCH 



COMMAND WORD 



64 WRITE CYCLES 



64 WRITE CYCLES 



COMMAND WORD 

Each data transfer for the normal and program mode 
begins with a three-byte command word as shown in 
Figure 7. As defined, the first byte of the command word 
specifies whether the 1 28-bit nonvolatile memory will be 
written into or read. If any one of the bits of the first byte 
of the command word fails to meet the exact pattern of 
read or write, the data transfer will be aborted. 

The 8-bit pattern for read is 01100010. The pattern for 
write is 1 001 1 1 01 . The first two bits of the second byte of 
the command word specify whether the data transfer to 
follow is a program or normal cycle. The bit pattern for 
program is in bit and 1 in bit 1 . The program mode 
can be selected only when the first byte of the command 
word specifies a write. If the program mode is specified 
and the first byte of the command word does not specify 
awrite, data transfer will be aborted. The bit pattern that 
selects the normal mode of operation is 1 in bit and in 
bit 1 . The other two possible combinations for the first 
two bits of byte 2 will cause data transfer to abort. 



The remaining six bits of byte 2 and the first seven bits of 
byte 3 form unique patterns that allow multiple keys to 
reside on a common bus. As such, each respective 
code pattern must be written exactly for a given device 
or data transfer will abort. Dallas Semiconductor has 
five patterns available as standard products per the 
chart in Figure 7. Each pattern corresponds to a specific 
part number. Under special contract with Dallas Semi- 
conductor, the user can specify any bit pattern other 
than those specified as unavailable. The bit pattern as 
defined by the user must be written exactly or data 
transfer will abort. The last bit of byte 3 of the command 
word must be written to logic 1 or data transfer will abort. 

NOTE: 

Contact the Dallas Semiconductor sales office for a spe- 
cial command word code assignment tl 
ble an exclusive blank key. 
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FLOW CHART - PROGRAM MODE Figure 6 




WRITE 64 BITS 



3 



SECURITY MATCH 



STOP 



I 



RESET LOW 



OUTPUT IN HIGH Z 



RESET AND CLOCK CONTROL 

All data transfers are initiated by driving the RST input 
high. The RST input serves three functions. First, it turns 
on control logic, which allows access to the command 
register for the command sequence. Second, the RST 
signal provides a power source for the cycle to follow. To 
meet this requirement, a drive source for RST of 2 mA @ 
3.5 volts is required. However, if the Vcc pin is con- 
nected to a 5-volt source within nominal limits, the RST 
is not used as a source of power and input levels revert 
to normal V|h and V| L inputs with a drive current require- 
ment of 500 nA. Third, the RST signal provides a meth- 
od of terminating data transfer. 



A clock cycle is a sequence of a falling edge followed by 
a rising edge. For data inputs, the data must be valid 
during the rising edge of a clock cycle. Command bits 
and data bits are input on the rising edge of the clock and 
data bits are output on the falling edge of the clock. The 
rising edge of the clock returns the DQ pin to a high im- 
pedance state. All data transfer terminates if the RST 
pin is low and the DQ pin goes to a high impedance 
state. When data transfer to the key is terminated using 
RST, the transition of RST must occur while the clock is 
at a high level to avoid disturbing the last bit of data. Data 
transfer is illustrated in Figure 8 for normal mode and 
Figure 9 for program mode. 
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COMMAND WORD Figure 7 
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• BYTE 1 



X X 



X P 



1 


X 


X 
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X 


X 












' 







BYTE 3 



DS1204U-G01 



DS1204U-G02 
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1 





1 


















DS1204U-G03 



BYTE 2 
BYTE 3 

BYTE 2 
BYTE 3 

BYTE 2 
BYTE 3 



DS1204U-G04 















1 


1 


p 


p 


BYTE 2 
BYTE 3 


1 





1 


















DS1204U-G05 



BYTE 2 
BYTE 3 



KEY CONNECTIONS 

The key is designed to be plugged into a standard 5-pin, 
0.1 -inch center SIP receptacle (SAMTEC SS-105 or 
equivalent). A guide is provided to prevent the key from 
being plugged in backwards and aid in alignment of the 



receptacle. For portable applications, contact to the key 
pins can be determined to ensure connection integrity 
before data transfer begins. CLK, RST, and DQ all have 
internal 20K ohm pulldown resistors to ground that can 
be sensed by a reading device. 
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DATA TRANSFER - NORMAL MODE Figure 8 
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DATA TRANSFER - PROGRAM MODE Figure 9 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 

* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



RECOMMENDED DC OPERATING CONDITIONS (0°C to 70°C) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Logic 1 


V| H 


2.0 






V 


1 8 10 


Logic 


V|L 


-0.3 




+0.8 


V 


1 


RESET Logic 1 


VlHE 


3.5 






V 


1, 9, 11 


Supply 

i 1 


v cc 


4.5 


5 


5.5 


V 


1 
















DC ELECTRICAL CHARACTERISTICS 






(0°C to 70°C; V cc = 


JV t I \J /o 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Input Leakage 


IlL 






+500 


MA 


4 


Output Leakage 


tuo 






+500 


ma 




Output Current @2.4V 


•oh 


-1 






mA 




Output Current @0.4V 


lOL 






+2 


mA 




RST Input Resistance 


Zrst 


m 

1 u 




60 


K ohms 




D/Q Input Resistance 


Zdq 


10 




60 


Kohms 




CLK Input Resistance 


Z CLK 


10 




60 


K ohms 




RST Current @3.0V 


!rst 






2 


mA 


6, 9, 13 


Active Current 


!CC1 






6 


mA 


6 


Standby Current 

1 


!CC2 






2.5 


mA 


6 


CAPACITANCE 












(t A = 25°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Input Capacitance 


C|N 






5 


PF 




Output Capacitance 


CoUT 






7 


pF 



















-0.5V to +7.0V 
0°C to 70°C 
-40°C to +70°C 
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AC ELECTRICAL CHARACTERISTICS 



(0°C to 70°C, V cc = 5V + 1 0%) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Data to CLK Setup 


*DC 


35 






ns 


2, 7 


CLK to Data Hold 


tCDH 


40 






ns 


2, 7 


CLK to Data Delay 


tcDD 






100 


ns 


2,3,5,7 


CLK Low Time 


td 


125 






ns 


2, 7 


CLK High Time 


tCH 


125 






ns 


2,7 


CLK Frequency 


ffJLK 


DC 




4.0 


MHz 


2,7 


CLK Rise & Fall 


tR, t F 


500 






ns 


2, 7 


RST to CLK Setup 


tec 


1 






US 


2,7 


CLK to RST Hold 


*CCH 


40 






ns 


2,7 


RST Inactive Time 


tcWH 


125 






ns 


2, 7, 14 


RST to I/O High Z 


tCDZ 






50 


ns 


2, 7 



TIMING DIAGRAM: WRITE DATA 




DATA ~n 
INPUT/OUTPUT 



DC 



TIMING DIAGRAM: READ DATA 

j-tt 



RESET 



CLOCK 



-11- 



XT 



'cc 



•dc 




-a— 



tCDD 



z 



tCDZ 
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NOTES: 

1 . All voltages are referenced to GND. 

2. Measured at V| H = 2.0 or V| L = ,8V and 1 0ns maximum rise and fall time. 

3. Measured at V 0H = 2.4 volts and Vol = 4 volts - 

4. For CLK, D/Q, and RST. 

5. Load capacitance = 50 pF. 

6. Measured with outputs open. 

7. Measured at V iH of RST > 3.5V when RST supplies power. 

8. Logic 1 maximum is V CC + 0.3 volts if the V cc pin supplies power and RST + 0.3 volts if the RST pin supplies 
power. 



9. Applies to RST when V C c < 3.5V. 

10. Input levels apply to CLK, DQ, and RST while V C rj is within nominal limits. When V cc is not connected to the 
key, then RST input reverts to V| HE . 

11 . RST logic 1 maximum is V C c + 0.3 volts if the V C c pin supplies power and 5.5 volts maximum if RST supplies 
power. 

12. Each DS1204V is marked with a 4-digit code AABB. AA designates the year of manufacture. BB designates 
the week of manufacture. 

13. Average AC RST current can be determined using the following formula: 

ITOTAL = 2 + lLOAD DC + (4 X 1 0-3) (CL + 1 40) f 

Itotal and Iload are in m A; C|_ is in pF; f is in MHz. 

Applying the above formula, a load capacitance of 50 pF running at a frequency of 4.0 MHz gives an Itotal of 
5 mA. 

14. When RST is supplying power t C wH must be increased to100 ms average. 
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DALLAS 

SEMICONDUCTOR 



DS1205S 

MultiKey Chip 



FEATURES 

• Three secure read/write data partitions of 384 bits 
each 



PIN ASSIGNMENT 

vcci rjE 



nc on 

□E 



• One non-secure read/write data partition of 51 2 bits ^ 

dq rjn 

nc on 

• Guaranteed unique, 48-bit, laser etched serial clk on 



• Secure data cannot be deciphered by reverse engi- 
neering 



number 



NIC 



an 



16 



10 



15 JD NC 

14 pn i/o 

□ GND 
3 NC 

11 hn DQ0E 



• 64-bit password and I. D. fields provide positive identi- gnd qc 8 9 m bat 
fication and security for each secure data partition 

• Maximum data transfer rate of 2 million bits/second 

• Low-power CMOS circuitry 



__ 16-Pin SOIC (300 mil) 
See Mech. Drawing 

Pg. 338 jfikjnfirn j i\ otrlt gtV 



• Access via 3-wire or 1-wire interface 



Applications include proprietary data, financial trans- 
actions, secure personnel areas, and systems ac- 
cess control 



PIN DESCRIPTION 



Vcci _ +5V Supply (Battery Backup Mode) 

- Reset (3-Wire) 

DQ - Data(3-Wire) 

CLK - Clock (3-Wire) 

GND - Ground 

BAT - Battery (+) (Battery Backup Mode) 

DQOE - Data Available (3-Wire) 

I/O - Data I/O (1 -Wire) 

Vcco - Battery (+) (Battery Powered Mode) 



DESCRIPTION 

The DS1 205S MultiKey Chip is an enhanced version of 
the DS1 204U Electronic Key which has both a standard 
3-wire interface (data, clock, and reset) and a 1-wire in- 
terface. The DS1 205S MultiKey has three secure read/ 
write subkeys which are each 384 bits in length. In addi- 
tion, there is a 512-bit read/write scratchpad which can 
be used as a non-secure data area or as a holding regis- 
ter for data transfer to one of the three subkeys. Each 
subkey within the part is uniquely addressable on byte 
boundaries. 



OPERATING MODES 

There are two modes of operation for powering the 
DS1205S MultiKey Chip. In the Normal Mode (Battery 
Backup), Vcc power is supplied to the part on the Vcci 
pin, while the battery backup source is applied to the 
BAT pin. In this mode of operation, the chip supply is 
switched internally between Vcci ar| d BAT (depending 
on which is higher) and this level is presented internally 
to the Vcco Pi n - In * ne Battery Operate Mode, the bat- 
tery supply is connected directly to the Vcco Pi n N 
the Vcci and BAT pins are grounded. 
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INTERFACES 

Two interfaces to the DS1205S are provided. The 
1 -wire interface requires a 1 -wire I/O command for ad- 
dressing the device. An additional function command 
word is then passed through the 1 -wire interface to ac- 
cess the various DS1 205S functions. The 3-wire inter- 
face (data (DQ), reset (RST), and clock (CLK)) requires 
only the function command word. The four 1 -wire I/O 
commands that deal with the unique lasered ROM are 
available only through the 1 -wire interface. All other 
functions are available through either interface. 



FUNCTIONS 

A command word written written to the DS1 205S Multi- 
Key specifies the operation to be performed and the 
partition to be operated on. There are two classes of 
functions available. One class includes operations on 
the read/write secure partitions. The other class in- 
cludes operations 



eludes operat 
(Figure 1). 



on the read/write scratchpad 





COMMAND 



COMMAND WORD 
(24 BITS) 



SECURE READ/WRITE 



SUBKEY 



SCRATCHPAD 
READ/WRITE 



SUBKEY 1 



SUBKEY 2 



SCRATCHPAD 



The 24 bit function command word is organized into 
three fields of eight bits each. These one byte fields in- 
clude the function to be performed, the memory partition 
to be accessed and the starting byte address for the 
data transfer operation. The starting byte address and 
the partition codes are required to be given in both real 
and complement form. If these values do not match, ac- 
cess to the part will be denied (Figure 2). 

The function command word is presented to the 
DS1 205S LSB first. The first byte contains the 8-bit 



function code that defines which of the six valid function 
codes is to be executed. Each function code is valid for 
only certain partition and starting address combina- 
tions. Figure 3 illustrates the valid partition code, start- 
ing address and function code combinations. The se- 
cond byte consists of the 2-bit partition code, identifying 
which partition is being accessed, and the 6-bit starting 
byte address, which specifies where to start the access 
of the given partition. The third byte consists of the com- 
plement of the 2-bit partition code and the complement 
of the 6-bit starting byte address. 
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COMMAND WORD STRUCTURE Figure 2 

MSB 



LSB 



c(AAAAAA)c | (KK) (AAAAAA) 



FFFFFFFF 



(KK) = 
(KK) C = 



(AAAAAA) C : 



FFFFFFFF = 



Two-bit number specifying which partition is to be accessed. 00 specifies subkey 0.01 specifies 
subkey 1.10 specifies subkey 2. 11 specifies the scratchpad. 

Complement of (KK) on a bit-by-bit basis. If the numbers are not complements the command 
word is invalid and no action will be taken. 



Address field containing address bits that define the ; 



5 sddrGss of ths Dsrtition to bs 



Complement of (AAAAAA) on a bit-by-bit basis. If the numbers are not complements the com- 
mand word is invalid and no action will be taken. 



Function 



field. Specifies the action to be taken. 



LOCATIONS, AND FUNCTION CODES FOR EACH COMMAND WORD Figure 3 



COMMAND 


VALID PARTITION 
CODE KK 


VALID BYTE 
ADDRESS AAAAAA 


VALID FUNCTION 
CODE FFFF FFFF 


Set Scratchpad 


11 


0-63 


1001 0110 


Get Scratchpad 


11 


0-63 


0110 1001 


Set Secure Data 


00, 01, 10 


16-63 


1001 1001 


Get Secure Data 


00, 01, 10 


16-63 


01100110 


Set Security Match 


00, 01, 10 


000000 


0101 1010 


Move Block 


00, 01,10 


000000 


0011 1100 



SECURE PARTITION COMMANDS 

Each of the three secure partitions within the DS1 205S 
MultiKey is comprised of a 64-bit I.D. field, a64-bit secu- 
rity match code and a 384-bit secure data field (Figure 
4). The three commands that operate on the secure 
partitions are: 



1) Set Security Match 

2) Set Secure Data 

3) Get Secure Data 

As a guard against attackers, the security match code 
can never be read. Similarly, tampering through repro- 
gramming will immediately clear the entire secure parti- 
tion. 



SECURE PARTITION ORGANIZATION Figure 4 

7 8 



_15 



16 



63 BYTES 



ID FIELD 
64 BITS 



SECURITY MATCH FIELD 
64 BITS 



SECURE DATA FIELD 
384 BITS 
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SET SECURITY MATCH 

The Set Security Match command is used to enter data 
into the I.D. and security match fields of the selected se- 
cure partition. The DS1205S will respond to the com- 
mand by outputting the 64-bit I.D. field of the selected 
secure partition. The next 64 clock cycles are used to 
echo the I . D. field back to the DS1 205S. Upon receipt of 
the correct I.D., the DS1205S MultiKey will erase the 
contents of the selected secure partition. The part is 
then ready to receive the the new 64-bit I.D. and the 
64-bit security match code. The flow sequence is 
shown in Figure 5. 



SET SECURE DATA 

The Set Secure Data command is used to write data into 
the selected secure partition. After the command is re- 
ceived by the DS1205S, the 64-bit I.D. field of the se- 
lected secure partition is output. The next 64 bits of in- 
put comprise a password that must match the security 
match code of the selected secure partition. If the pass- 
word and the security match are identical, data is written 
to the secure data field starting at the address specified 
in the command word. If the password and the security 
match code are not identical, the DS1 205S will termi- 
nate the transaction immediately. The flow sequence is 
shown in Figure 6. 

GET SECURE DATA 

The Get Secure Data command is used to retrieve data 
from the selected secure partition. After the command 
word is received by the DS1 205S, the 64-bit I.D. field of 
the selected secure partition is returned. The next 64 
bits are the password being written to the DS1 205S. If 
the presented password and the security match code of 
the selected secure partition are identical, the DS1 205S 
will output the contents of the secure data field starting 
from the byte specified in the command word. If the 
presented password is not identical to the security 
match code, the DS1 205S MultiKey will use the pass- 
word as a "seed" for its internal random number genera- 
tor. This results in a repeatable, seemingly valid yet 
false response to the invalid password. The flow se- 
quence is shown in Figure 7. 

SCRATCHPAD READ/WRITE COMMANDS 

The 51 2-bit read/write scratchpad of the DS1 205S Mul- 
tiKey is not protected by a security match code. This 



partition is byte addressable. The scratchpad can be 
used to store unsecured data or it can act as a staging 
area to build and verify data structures to be transferred 
to a secure partition. The three commands that operate 
on the read/write scratchpad are: 

1 . Set Scratchpad Data 

2. Get Scratchpad Data 

3. Move Block 

SET SCRATCHPAD DATA 

The Set Scratchpad Data command is used to enter 
data into the DS1 205S MultiKey scratchpad. The com- 
mand word must specify the starting byte address for 
the data transfer. Valid byte addresses are through 63. 
The DS1205S MultiKey will write data to the scratchpad 
until byte 63 has been written or until the RST line goes 
to a logic low level. The flow sequence is shown in 
Figure 8. 

GET SCRATCHPAD DATA 

The Get Scratchpad data command is used to retrieve 
data from the 512-bit scratchpad. The command word 
must specify the starting byte address for the data re- 
trieval. Valid byte addresses are through 63. The 
DS1205S MultiKey will retrieve data from the scratch- 
pad until byte 63 has been read or the RST line goes to a 
logic low level. The flow sequence is shown in Figure 9. 

MOVE BLOCK 

The Move Block command is used to transfer data, 
which has been previously entered into the scratchpad 
and verified, to one of the three secure subkeys. Data 
can be transferred as one large block of 51 2 bits or it can 
be transferred in blocks of 64 bits each (Figure 10). 
There are nine valid block selectors which are used to 
specify which block or blocks are to be transferred 
(Figure 11). As a further precaution against accidental 
erasure of a secure subkey, the 64-bit password of the 
destination subkey must be entered and match the des- 
tination subkey. If the passwords fail to match, the oper- 
ation is terminated. The flow sequence is shown in 
Figure 12. 
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SET SECURITY MATCH Figure 5 



SET SECURE DATA Figure 6 



f WRITE SET PASSWORD^ 
IN COMMAND WORD 
(SPECIFY WHICH 
SECURE PARTITION) 



1 


I 


READ I.D. FIELD FROM 
SECURE PARTITION 
(64 BITS) 


1 


t 


WRITE 64 BITS OF DATA 
TODS1205 
(OLD I.D.) 


1 





WRITE SET SECURE DATA 
IN COMMAND WORD (SPECIFY 
WHICH SECURE PARTITION AND 
STARTING BYTE ADDRESS) 



READ I.D. FIELD FROM 
SECURE PARTITION 
(64 BITS) 



WRITE 64 BITS OF DATA 
TO DS1205 




i 


YES 

r 


ERASE I.D. AND PASSWORD 
FIELD, SECURE DATA 
FIELD FOR SELECTED 
SECURE PARTITION. 


^ 




WRITE 64 BITS OF DATA 
FOR NEW I.D. FIELD DATA 


1 


t 


WRITE 64 BITS OF DATA 
FOR NEW PASSWORD 
FIELD DATA 




r 


TERMINATE 
TRANSACTION 





YES 



WRITE DATA TO SECURE 
DATA FIELD (STARTING 
ADDRESS SPECIFIED IN 
COMMAND WORD)* 



•Data is written to the DS1 205S beginning 
at the specified address and conti nuing 
until either Bit 511 is written or the RST 
line is brought low. 



1 


f 


TERMINATE TRANSACTION 
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GET SECURE DATA Figure 7 



SET SCRATCHPAD Figure 8 



WRITE SET SECURE DATA 
IN COMMAND WORD (SPECIFY 
WHICH SECURE PARTITION AND 
STARTING BYTE ADDRESS) 



READ I.D. FIELD FROM 
SECURE PARTITION 
(64 BITS) 



WRITE 64 BITS OF DATA 
TODS1205 




MAM OfrSd ! 


YES 











WRITE SET SCRATCHPAD 
IN COMMAND WORD 



WRITE DATA BITS TO 
DS1205 (STARTING ADDRESS 
SPECIFIED IN 
COMMAND WORD) 



OUTPUT RANDOM 
DATA 



OUTPUT SECURE DATA 
FIELD CONTENTS* 




TERMINATE TRANSACTION 



*Data is read from the DS1205S 
beginning at the specified address 
and continuing until either Bit 511 is 
read or the RST line is brought low. 



_ 
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SET SCRATCHPAD Figure 9 BLOCK SELECTIONS Figure 1 



SET GET SCRATCHPAD 
PARTITION IN COMMAND WORD 



READ DATA BITS FROM 
SCRATCHPAD PARTITION 
(STARTING ADDRESS SPECIFIED 
IN COMMAND WORD) 




BLOCK 
NUMBER 


BYTE ADDRESS 
SCRATCHPAD 


IN: 
SUBKEY 





0-7 


0-7(ID) 


1 


8-15 


8-15 






(PASSWORD) 


2 


16-23 


16-23 






(SECURED) 


3 


24-31 


24-31 






(SECURED) 


4 


32-39 


32-39 






(SECURED) 


5 


40-47 


40-47 






(SECURED) 


6 


48-55 


48-55 






(SECURED) 


7 


56-63 


56-63 






(SECURED) 



BLOCK SELECTOR CODES FOR MOVE 
BLOCK COMMAND Figure 11 



BLOCK # 


SELECTOR CODE 





4C69 6E64 9DB3 9A9A (H) 


1 


4C69 919B 624C9A9A(H) 


2 


4C96 6E9B 62B3 659A (H) 




3 


4366 61 6B 6D43 6A6A (H) 


4 


BC99 9E94 92BC 9595 (H) 


5 


B369 9164 9D4C 9A65 (H) 


6 


B396 6E64 9DB3 6565 (H) 


7 


B396 919B 624C 6565 (H) 


ALL BLOCKS 


7F5A5D57 51 7F 5656 (H) 
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MOVE BLOCK Figure 12 



WRITE MOVE BLOCK IN 
COMMAND WORD 



WRITE 64-BIT BLOCK 
SELECTOR CODE 
TO DS1205 




WRITE 64-BIT 
PASSWORD 
OF DESTINATION 
SUBKEY 




TERMINATE 
TRANSACTION 



TRANSFER SPECIFIED 
SCRATCHPAD DATA BLOCKS 
TO SPECIFIED PARTITION 




3-WIRE BUS 

The 3-wire bus is comprised of three signals. These are 
the RST (reset) signal, the CLK (clock) signal, and the 
DQ (data) signal. All data transfers are initiated by driv- 
ing the RST input high. The RST signal provides a meth- 
od of terminating a data transfer. 



A clock cycle is a sequence of a falling edge followed by 
a rising edge. For data inputs, the data must be valid 
during the rising edge of a clock cycle. Command bits 
and data bits are input on the rising edge of the clock and 
data bits are output on the falling edge of the clock. All 
data transfers terminate if RST is low and the DQ pin 
goes to a high impedance state. When data transfers to 
the DS1205S are termi nated by the RST signal going 
low, the transition of the RST going low must occur dur- 
ing a high level of the CLK signal. Failure to ensure that 
the CLK signal is high will result in the corruption of the 
last bit transferred. Data transfers are illustrated in 
Figure 1 3 and Figure 1 4 for normal modes of operation. 



ERASE ALL 
SCRATCHPAD MEMORY 











TERMINATE TRANSACTION 



Transparent to user 



■ 



rtOlJBlL'fV 
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WRITE DATA TIMING DIAGRAM Figure 13 




<CWH 




R/W 



READ DATA TIMING DIAGRAM Figure 14 




CLOCK 



tec 




f DC ^1 




tcDO M 



tCWH 



ML 



•CDZ 



1-WIRE PROTOCOL 

The 1 -wire protocol defines the system as a single bus 
master system with single or multiple slaves. In all 
instances, the DS1 205S is a slave. The bus master is 
typically a microcontroller. The discussion of this proto- 
col is broken down into two topics: hardware configura- 
tion and transaction sequence. 

Hardware Configuration 

The 1 -wire bus has only a single line by definition; it is 
important that each device on the bus be able to drive it 
at the appropriate time. To facilitate this, each device at- 
tached to the 1 -wire bus must have open drain connec- 
tions. The DS1 205S is an open drain part with an inter- 
nal circuit equivalent to that shown in Figure 1 5. Ideally, 
the bus master should also be open drain; but if this is 



not feasible, two standard TTL pins can be tied together, 
one as an output and one as an input. When using a bus 
master with an open drain port, the bus requires a pull- 
up resistor at the master end of the bus. The system bus 
master circuit should be equivalent to the one shown in 
Figure 16. The value of the pull-up resistor should be 
greater than 5Kohms. If the pull-upvalue is less, the bus 
may not be pulled to an adequately low state (< 0.6 
volts). 

The idle state for the 1-wire bus is high. If, for any rea- 
son, a transaction needs to be suspended, the bus 
MUST be left in the idle state if the transaction is to re- 
sume. If this does not occur and the bus is left for more 
than 560 fiS, all components on the bus will be reset. 
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EQUIVALENT CIRCUIT Figure 15 
RX 




Tx 



o 



100 ohm 
MOSFET 



BUS MASTER OPEN DRAIN CIRCUIT 

Figure 1 6A 

V DD 

Microcontroller 



DS5000 or 8051 equivalent 

Open Drain 
Port Pin 




5K ohms 



To data 
connection 
of DS1205S 



BUS MASTER STANDARD TTL CIRCUIT 

Figure 1 6B 

V DD 

| Microcontroller 




TTL-Equivalent 
Port Pins 



^7 



To data 
connection 
of DS1205S 



5Kohms 



Transaction Sequence 

The protocol for accessing the DS1 205S is as follows: 
Reset 

Presence Detect 

1 -wire Command Word 

Device Command Word 

Transaction/Data 

CRC 

Reset/Presence Detect - All transactions on the 1 -wire 
bus begin with the reset sequence. The reset sequence 
is started by holding the data line low for 560 \iS. The 
DS1 205S is designed to be held in the reset state when- 
ever it is not connected to the bus. When it is connected 
to the bus, the data line is pulled high, the part is taken 
out of reset, and the part is ready to issue the presence 
detect. 

After detecting a high state on the data line, the 
DS1 205S waits 1 5 nS minimum and issues its presence 
detect. This presence detect is a low-going pulse that 
last 70 (iS. This response to the reset pulse lets the bus 
master know that the DS1205S is on the bus and is 
ready to operate. The presence detect helps the bus 
master to discriminate the communication signals from 
noise as the DS1 205S is taken on and off the bus. Refer 
to the timing diagram in Figure 17. 

After the DS1205S has responded to the reset pulse 
with a presence detect, the bus master drives the bus to 
the idle state for a minimum of 1 ixS. The 1 (iS interval is 
like a frame sync. After each bit is transmitted on the 
bus, there is a frame strobe to sync up for the next trans- 
mission. Refer to Figure 1 7. 
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RESET/PRESENCE DETECT SEQUENCE Figure 17 



*SYC ' 



1 



RESET PULSE 
DRIVEN LOW 
BY HOST 







tRSTL 



FIRST BIT OF 1-WIRE 
PROTOCOL 




PRESENCE DETECT 
DRIVEN BY 1-WIRE 
DEVICE 



tpDL 



tRSTH 



1-Wire I/O Commands - Once the bus master has de- 
tected a presence, it can issue one of the four different 
1-wire I/O commands. These commands deal with the 
laser-etched ROM code which has the following format. 



Type ID 
8 bits 



Unique Serial Number 
48 bits 



CRC 
8 bits 



All 1 -wire commands are eight bits long. A list of these 
commands are as follows: 



Pass Thru Mode 



This command saves time by allowing direct ac- 
cess to the DS1205S without identifying it by 
ROM ID number. This command can only be used 
when there is a single slave on the bus. If more 
than one device is present, there will be bus con- 
tention. 

33h Read ROM Data 

This command allows the bus master to read the 
DS1205S's unique 48-bit ID number and CRC. 
This command can only be used if there is a 
single DS1205S on the bus. If more than one is 
present, there will be bus contention. 

55H Match ROM Data 

This mode allows the bus master to single out a 
specific DS1205S on a multidrop bus. The bus 
master selects the specific slave by the ROM ID 
numberforthe transaction. This command can be 
used with a single or multiple device on the bus. 
FOh Search ROM Data 

When a system is initially brought up, the bus 
master might not know the number or types of de- 
vices on the bus. By invoking the Search ROM 



iter can, by process of 
elimination, find the ID numbers of all the devices 
on the bus. Once this is known, the bus master 
can then go back and read the device type that 
corresponds to each ID number. 

The ROM search process is the repetition of a simple 
3-step routine: read a bit, read the complement of the 
same bit, then write the desired value of that bit. The bus 
master performs this simple 3-step routine on each bit of 
the ROM. After one complete pass, the bus master 
knows the contents of the ROM in one device. The bus 
is reset and the process is repeated again, selecting a 
different set of bit values. The bus master controls the 
search according to what values are written as select 
bits. 

The following example of the ROM search process as- 
sumes four different devices are connected to the same 
1-wire bus. The ROM data of the four devices is as 
shown: 



ROM1 
ROM2 
ROM3 
ROM4 



00110101... 
10101010... 
11110101... 
00010001... 



The search process is as follows: 

1 . The bus master begins by resetting all devices pres- 
ent on the 1 -wire bus. After this, the bus master will 
attempt to read the family code, serial number, and 
CRC value for the part. 

2. The bus master will then issue the Search ROM 
Data command on the 1 -wire bus. 

3. The bus master performs two reads and receives 
two bits. This indicates that both 1 bits and bits 
exist as the first bit of the devices on the bus. 
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4. The bus master writes a 0. This deselects ROM2 
and ROM3 for the remainder of this search pass, 
leaving only ROM1 and ROM4 connected to the 
1-wire bus. 

5. The bus master performs two more reads and re- 
ceives a bit followed by a 1 bit. This indicates that 
all devices still coupled to the bus have 0's as their 
second ROM data bit. 

6. The bus master then writes a to keep both ROM1 
and ROM4 coupled. 

7. The bus master executes two reads and receives 
two bits. This indicates that both 1 bits and bits 
exist as the third bit of the ROM data of the attached 
devices. 

8. The bus master writes a bit. This deselects ROM1 
leaving ROM4 as the only device still connected. 

9. The bus master reads the remainder of the ROM bits 
for ROM4 and continues to access the part if de- 
sired. This completes the first pass and uniquely 
identifies one part on the 1 -wire bus. 

At this point, the bus master repeats the process de- 
scribed above to determine the address of the remain- 
ing devices on the 1-wire bus by repeating steps 1 
though 7. 

Note the following: 

The bus master learns the unique ID number (ROM data 
pattern) of one 1-wire device on each ROM Search op- 
eration. The time required to derive the part's unique ID 
is: 

960 nS + 3(8+64) X 0.06mS = 13.92mS 

The bus master is therefore capable of identifying 60 dif- 
ferent 1-wire devices per second. 

Additionally, the data obtained from the two reads of 
each set of three have the following interpretations: 

00 - There are still devices attached which have 

conflicting bits in this position. 

01 - All devices still coupled have a zero bit in this bit 

position. 

10 - All devices still coupled have a one bit in this bit 

position. 

1 1 - There are no devices attached to the 1 -wire 

bus. 

Transmitting/Receiving Data - All communications on 
the 1 -wire bus begin with the reset and presence detect 
sequence. This sequence ensures the DS1205S is in 



the listening mode. The bus master must then transmit 
the 1-wire command to the DS1205S. To transmit the 
first bit of the 1 -wire I/O command, the master pulls the 
bus low for 1 (tS. This low-going edge informs the 
DS1 205S that the first bit is being sent. After 1 piS, the 
master does one of two things: 

1 . holds the line low for an additional 70 \iS to output a 
(write a 0) or, 

2. lets the bus go high for an additional 70 nS (write a 1 ) . 

The state of the bus during this 70 |*S time phase deter- 
mines the value of the bit. The DS1 205S will sense any 
rising edge during this 70 time phase as a one. After 
the 70 \iS has lapsed, the bus master must then drive 
the bus high for 1 |j.S. This is the frame sync mentioned 
earlier. This process is repeated until all the eight bits 
are transmitted. Refer to the timing diagram in Figure 
18. 

The bus master now reads the family code identifier, fol- 
lowed by the data and a CRC. The read cycle is similar 
to the write cycle. It is started with the bus master pulling 
the bus low for 1 nS. This informs the DS1205S that it 
should have data on the bus no later than the 1 (xS from 
the falling edge. After the 1 p.S, the bus master lets go of 
the bus and the DS1 205S drives the bus. The slave 
must hold the data on the bus for an additional 14 ^S 
minimum (59 maximum). During the DS1205S hold- 
ing time, the bus master reads the state of the bus. Ideal- 
ly, the bus master should read data from the bus 1 5 us 
after the falling edge. The entire cycle time for one bit 
lasts a minimum of 70 \iS (140 nS maximum) from the 
falling edge. At the end of the cycle, the bus master 
drives the bus high for 1 \xS. Again, this is like a frame 
sync for the next bit. This read sequence is repeated un- 
til all the data has been read. See the timing diagram in 
Figure 19 for details. If for any reason the transaction 
needs to be terminated before all the data is read, the 
DS1 205S must be reset. 

CRC Generation - To validate the transmitted data from 
the DS1 205S, the bus master must generate a CRC val- 
ue for the data as it is received. This generated value is 
compared to the value stored in the last eight bits of the 
DS1 205S. The bus master computes the CRC over the 
8-bit family code and all 48 ID number data bits, but NOT 
over the stored CRC value itself. The CRC is calculated 
using the following polynomial. 

CRC = px 3 + px 2 + 1 

If the two CRC values match, the transmission is error- 
free. 
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1-WIRE WRITE TIMING Figure 18 
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tL0W1 



*SLOT 



WRITE 
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•slot 
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1-WIRE READ TIMING Figure 19 
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<SYC 
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PASS-THRU MODE 

A host connected to the 1 -wire bus may send function 
commands directly to the DS1205S without preceding 
them with 1 -wire I/O commands by using the pass-thru 
command (CCh). This command bypasses the serial 



(CCh). 

number and consequently it can only be used when 
there is one DS1205S on the 1-wire bus. 



1-WIRE/3-WIRE ARBITRATION 

The DS1 205S can utilize both the 1 -wire and the 3-wire 
busses simultaneously. Neither input bus has priority 
overthe other. Instead, if both inputs are being used, the 



signal arriving first will take precedence. More simply, if 
the 1 -wire interface becomes active before the 3-wire in- 
terface, all communications will take place on the 1 -wire 
bus. The 3-wire bus will be ignored in this case. The 
same condition occurs for the 1 -wire interface if the 
3-wire interface becomes active first. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground 
Operating Temperature 
Storage Temperature 
Soldering Temperature 



-0.5V to +7.0V 
-40°C to +85°C 
-55°C to+125°C 
260°C for 10 seconds 

* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



RECOMMENDED DC OPERATING CONDITIONS 



(0°C to 70°C) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Logic 1 


V, H 


2.0 






V 


1 


Logic 


Vu. 


-0.3 




+0.8 


V 


1 


Supply 


Vcc 


4.5 


5.0 


5.5 


V 


1 


DC ELECTRICAL CHARACTERISTICS 






(0°C to 70°C, V cc = 


5V+ 10% 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Input Leakage 


IlL 






+500 


MA 




Output Leakage 


lOL . 






+500 


HA 




Output Current @ 2.4V 


lOH 


-1 






mA 




Output Current @ 0.4V 


Iql 






+ 1 


mA 




RST Input Resistance 


Z RST 


100 




1000 


Kohm 




D/Q Input Resistance 


Z DQ 


100 




1000 


Kohm 




CLK Input Resistance 


ZfJLK 


100 




1000 


Kohm 




Active Current 


icci 




3 


6 


mA 


5,6 


Standby Current 


!CC2 






100 


HA 


5,6 


Batt. Operate Consumption 


'bat 




200 


500 


nC 


7,8 


Batt. Operate Standby Current 


'bats 




30 


200 


nA 


7 


Batt. Voltage 


Vbat 


2.0 




3.6 


V 


1 


Output Supply Current 


Icco 






10 


mA 


11 


CAPACITANCE 












(t A = 25°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Input Capacitance 


C|N 






5 


PF 




Output Capacitance 


COUT 






7 


PF 
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AC ELECTRICAL CHARACTERISTICS (0°C to 70°C, V CC = 5V + 1 0%) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Data to CLK Setup 




35 






ns 


2 


CLK to Data Hold 


tQDH 


40 






ns 


2 


CLK to Data Delay 


tf^nrt 






200 


ns 


2,3,4 


CLK Low Time 


tcL 


250 






ns 


2 


CLK High Time 


trH 


250 






ns 


2 


CLK Frequency 


tr'i ve 


DC 




2.0 


MHz 


2 


CLK Rise & Fall 


tR.tc 






500 


ns 


2 


RSTtoCLK Setup 


tec 


1 






US 


2 


CLKtoRST Hold 


l CCH 


40 







ns 


2 


RST Inactive Time 


tcWH 


250 






ns 


2 


RSTtol/OHighZ 


tCDZ 






50 


ns 


2 



AC ELECTRICAL CHARACTERISTICS: 1-WIRE INTERFACE (0°C to 70°C, V CC = 5V± 10%) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Time Slot Period 


tSLOT 


70 




140 


us 




Write 1 Low Time 


t|_OW1 


1 




15 


us 




Write Low Time 


*LOW0 


70 




140 


us 




Read Data Valid 


tRDV 


15 






us 




Read Data Setup 


tsu 


1 






us 


10 


Frame Sync 


tSYC 


1 






US 




Reset Low Time 


tRSTL 


560 






(iS 




Reset High Time 


tRSTH 


560 






US 


9 


Presence Detect High 


tpDH 


15 




70 


us 




Presence Detect Low 


tpDL 


70 




280 


us 
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NOTES: 

1 . All voltages are referenced to ground. 

2. V|h = 2.0V or V||_ = 0.8V with 1 ns maximum rise and fall time. 

3. V 0H = 2.4V and V 0L = 0.4V. 

4. Load capacitance = 50 pF. 

5. Measured with outputs open. 

6. (Normal battery backup operation) V C ci = 5.0 Volts + 10%; 

7. (Battery operate mode) V C co = 3.0 Volts. 

8. Per transaction (512 bits + protocol). 

9. An additional reset or communication sequence cannot begin until the reset high time has expired. 

10. Read data setup time refers to the time the host must pull the 1-wire pin low to read a bit. Data is guaranteed 
to be valid within 1 nS of this falling edge and will remain valid for 14 nS minimum (15 m,S total falling edge on 
1-wire). 

11. V CCO = V CCI -0.3V 









T = 3.0 Volts. 
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FEATURES 



PIN ASSIGNMENT 



• Three secure read/write data partitions of 384 bits 
each 

• 64-bit security match and I.D. fields provide positive 
identification and security for each secure data parti- 
tion 

• One non-secure read/write partition of 51 2 bits 

• Electrical tampering is met with seemingly valid, yet 
false, responses 

• Secure data cannot be deciphered by reverse engi- 
neering 

• Access via Dallas 3-Wire Interface 

• Applications include software authorization, configu- 
ration management, and systems access control 



DALLAS 

DS1205V 
MULTIKEY 



SIDE 




BOTTOM: PIN VIEW 



1.0 IN N 



- Pg. 350 



DESCRIPTION 

The DS1205V MultiKey has three, 384-bit read/write 
data partitions, each protected by its own 64-bit I.D. and 
security match fields. The security match field, pro- 
grammed by the customer, can never be read from the 
DS1205V. An additional security feature, the Intelligent 
Response generator, uses invalid security match codes 
as the "seed" to trigger seemingly valid, yet false re- 
sponses to electronic attack. 

Communication with the DS1205V is via the Dallas 



■ 



3-Wire Interface (Data, Clock, Reset). These signals 
are under host software control. 

The DS1 205V MultiKey is designed to be plugged into a 
standard 5-pin, 0.1 inch-center SIP receptacle. A guide 



is provided to insure proper alignment with the recep- 
tacle. 

System designers can use the DS1 205V to insure that 
their valuable firmware can only by run when a valid key 
is present. The MultiKey can also contain data on sys- 
tem configurations and upgrade options. Designers 
may choose to allow maintenance or diagnostic rou- 
tines to be run only by an authorized key holder. 

See the DS1 205S MultiKey Chip data sheet for imple- 
mentation details. 



Copyright © 1993 Dallas Semiconductor Corporation 
Printed in U S A. 
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DALLAS 

SEMICONDUCTOR 



DS12 

Time 




FEATURES 

• Cannot be deciphered by reverse engineering 

• Time allotment from one day to 51 2 days for trial 
periods, rentals, and leasing 

• Partitioned memory thwarts pirating 

• User-insertable packaging allows personal 
possession 

• Exclusive blank keys on request 

• Appropriate identification can be made with a 64-bit 
reprogrammable memory 

• Unreadable 64-bit match code virtually prevents 
discovery by exhaustive search with over 10 19 
possibilities 

• Random data generation on incorrect match codes 
obscures real accesses 

• 384 bits of secure read/write memory create 
additional barriers by permitting data changes as 
often as needed 

• Rapid erasure of identification, security match code 
and secure read/write memory can occur if tampering 
is detected 

• Durable and rugged 

• Applications include software authorization, gray 
market software protection, proprietary data, financial 
transactions, secure personnel areas, and system 
access control 



PIN ASSIGNMENT 



n A I I AQ \r 



DALLAS 

DS1207 
TimeKey 



SIDE 




•S3/ 



BOTTOM: PIN VIEW 



I I I II I I I I M I 



10 IN 

See Mech. Drawing - Pg. 350 



PIN DESCRIPTION 




Pin 1 NC 


No connection 




Pin 2 RST 


Reset 




Pin 3 DQ 


Data input/output 




Pin 4 CLK 


Clock 




Pin 5 GND 


Ground 

















DESCRIPTION 

The DS1 207 TimeKey is a miniature security system 
that stores 64 bits of user-definable identification code 
and a 64-bit security match code that protects 384 bits of 
read/write nonvolatile memory. The 64-bit identification 
code and the security match code are programmed into 
the TimeKey via a special program mode operation. Af- 
ter programming, the TimeKey follows a procedure with 
a serial format to retrieve or update data. The TimeKey 
is set to expire from one day to 51 2 days or infinity, as 



specified by the customer. The TimeKey starts its count- 
down from the first access by the end user. 

Interface cost to a microprocessor is minimized by 
on-chip circuitry that permits data transfer with only 
three signals: Clock (CLK), Reset (RST) and Data Input/ 
Output (DQ). Low pin count and a guided entry for a 
mating receptacle overcome mechanical problems nor- 
mally encountered with conventional integrated circuit 
packaging, making the device transportable and 
user-insertable. 
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OPERATION - NORMAL MODE 

The TimeKey has two modes of operation: normal and 
program. The normal mode of operation provides the 
functions of reading and writing the 384-bit secure 
memory. The block diagram (Figure 1) illustrates the 
main elements of the TimeKey when used in the normal 
mode. To initiate data transfer with the TimeKey, RST is 
taken high and 24 bits are loaded into the command reg- 
ister on each low-to-high transition of the CLK input. The 
command register must match the exact bit pattern 
which defines normal operations with a function code of 
read or write. If one of these patterns is not matched, 
communications are ignored. If the command register is 
loaded properly, communications are allowed to contin- 
ue. Data is clocked out of the TimeKey on the 
high-to-lowtransition of the clock. If the pattern matched 
in the command register calls for a normal read or write, 
the next 64 cycles following the command word are read 
and data is clocked out of the identification memory. The 
next 64 write cycles are written to the compare register 
(Figure 2). These 64 bits must match the exact pattern 
stored in the security match memory. If a match is not 
found, access to additional information is denied. In- 
stead, if a normal read mode is selected, random 
garbled data is outputforthe next 384 cycles. If a normal 
write cycle is selected and a match is not achieved, the 
TimeKey will ignore any additional information. Howev- 
er, when a security match is achieved, access is per- 
mitted to write the 384-bit secure memory. 

OPERATION - PROGRAM MODE 

The program mode of operation provides the functions 
of programming the identification and security match 
memory, and setting and reading the amount of time the 
TimeKey can be used. The block diagram in Figure 3 il- 
lustrates the main elements of the TimeKey when used 
in the program mode. To initiate the program mode, RST 
is driven high and 24 bits are loaded into the command 
register on each low-to-high transition of the CLK input. 
The command register must match the exact bit pattern 
that defines the program mode for the identification and 
security match bits or the program mode for setting and 
reading the amount of time for which the TimeKey can 
be used. If an exact match for one of the seven function 
codes of the program mode is not found, the remainder 
of the program mode is ignored. When the command 
register is properly loaded for programming the identifi- 
cation and security match bits, the next 1 28 bits are writ- 
ten to the identification and security match memory 
(Figure 4). When this mode of operation is invoked, all 
memory contents are erased. 



SETTING AND READING TIME REMAINING 

There are six functions of the program mode which are 
used to set or read the amount of time for which the 
TimeKey will allowfull operation. To initiate any of the six 
functions of the program mode used for setting and 
reading time remaining, RST is driven high and 24 bits 
are loaded into the command register on each 
low-to-high transition of the CLK input. If the command 
register is properly loaded with the function code for 
reading the 20-bit day clock counter, the next 20 bits will 
be output (LSB first) as a binary count of the amount of 
time elapsed in the current day (see Figure 5) . The time 
can be calculated by dividing this count reading by 2 20 
(20 bits is equal to 1 ,048,576 counts) .One minus this re- 
sult is the fraction of a day remaining. The 20-bit day 
clock counter is driven by an internal oscillator that has a 
period of 82.4 ms. If the command register is properly 
loaded with the function code for reading the 9-bit num- 
ber of days counter, the next 9 bits will be output (LSB 
first) as a binary count of the days remaining (see 
Figure 6). This count is decremented each time the day 
clock counter rolls over to zero. When the number of 
days remaining counter rolls through zero, normal and 
program mode write cycles are inhibited. If the program 
mode read cycle to the number of days counter is at- 
tempted, the nine bits will be returned as all ones. 

If the command register is properly loaded with the func- 
tion code for writing the 9-bit number of days counter, 
the next nine bits will be input (LSB first) as a binary 
count of the desired number of days in which the Time- 
Key will be fully functional (see Figure 7) . The number of 
days counter can be changed by writing over an entered 
value as often as required until the lock command is en- 
tered. The lock command is given when the command 
register is properly loaded with the function code for 
locking up the number of days counter. The lock com- 
mand consists of the 24-bit command word only (see 
Figure 8). Once the lock command is given, all future 
write cycles to the number of days register are ignored. 
After the correct value has been written and locked into 
the number of days counter, the DS1 207 will start count- 
ing the time from the entered value to zero after the first 
access to the TimeKey is executed, provided the arm 
oscillator bit is set. The arm oscillator bit is set when the 
command register has been properly loaded with the 
function code for arming the oscillator. The arm oscilla- 
tor command consists of the 24-bit command word only 
(see Figure 9) . One other command is also available for 
use in setting and reading time remaining. A stop oscil- 
lator command is given when the command register is 



295 



012094 2/17 



DS1207 



properly loaded with the function code for stopping the 
oscillator. The stop oscillator command consists of the 
24-bit command word only (see Figure 10). This com- 
mand will only execute prior to issuing a lock command. 
After the lock command is issued, stop oscillator com- 
mands are ignored. 

A sequence for properly setting the expiration time of 
the DS1 207 is as follows (see Figure 11). First, program 
the identification and security match bits to the desired 
value. Use normal mode operation to write the appropri- 
ate secure data. Second, write the number days remain- 
ing register to the desired value. This number can be im- 
mediately verified by reading the number of days 
remaining. Next, arm the oscillator by writing the appro- 
priate command. Then do a normal mode read. This ac- 
tion will start the internal oscillator. Now read the 20-bit 
day clock counter several times to verify that the oscilla- 
tor is running. After oscillator activity has been verified, 
issue the stop oscillator command. The lock command 
should be issued, followed by the arm oscillator com- 
mand. The TimeKey will start the countdown to expira- 
tion on the next access. To guarantee security, a locked 
TimeKey cannot be unlocked. The key cannot be re- 
programmed after expiration. The oscillator verification 
portion of this sequence is not required and can be de- 
leted when speed in setting time remaining is important. 

COMMAND WORD 

Each data transfer for normal and program mode begins 
with a 3-byte command word as shown in Figure 1 2. As 
defined, the first byte of the command word specifies the 
function code. Eight function codes are acceptable 
(Figure 1 3). If any one of the bits of the first byte of the 
command word fails to meet one of the exact patterns 
for function codes, the data transfer will be aborted. 

The first two bits of the second byte of the command 
word specify whether the data transfer to follow is pro- 
gram or normal mode. The bit pattern for program mode 
is in bit and 1 in bit 1 . The bit pattern for normal mode 
is a 1 in bit and a in bit 1 . The other two possible com- 
binations for the first two bits of byte 2 will cause the 
transfer to abort. The program mode can be invoked 
with one of seven function codes: program identification 
and security match, read the 20-bit day clock counter, 
read the number of days count, write the number of days 



count, lock number of days count, arm oscillator, and 
stop oscillator. 

The remaining six bits of byte 2 and the first four bits of 
byte 3 must be written to match one of the five patterns 
as indicated in Figure 1 2 or data transfer will abort. Un- 
der special contract with Dallas Semiconductor, these 
bits can be defined by the user as any bit pattern other 
than those specified as unavailable. The bit pattern as 
defined by the user must be written exactly or data 
transfer will abort. The last four bits of byte 3 of the com- 
mand word must be written 1011 or data transfer will 
abort. Table 1 provides a summary of the command 
words in hexadecimal as they apply to all function codes 
for both program mode and normal mode. 

RESET AND CLOCK CONTROL 

All data transfers are initiated by driving the RST input 
high. The reset input serves three functions. First, it 
turns on control logic which allows access to the com- 
mand register for the command sequence. Second, the 
RST signal provides a power source for the cycle to fol- 
low. To meet this requirement, a drive source for RST of 
2 mA at 3.5 volts is required. Third, the RST signal pro- 
vides a method of terminating data transfer. 

A clock cycle is a sequence of a falling edge followed by 
a rising edge. For data inputs, the data must be valid 
during the rising edge of the clock cycle. Command bits 
and data bits are input on the rising edge of the clock. 
Data bits are output on the falling edge of the clock. The 
rising edge of the clock returns the DQ pin to a high im- 
pedance state. All data transfer terminates if the RST 
pin is low and the DQ pin goes to a high impedance 
state. Data transfer is illustrated in Figure 1 4 for normal 
mode and Figure 15 for program mode. 

TIMEKEY CONNECTIONS 

The TimeKey is designed to be plugged into a standard 
5-pin 0.1 inch center SIP receptacle. A guide is provided 
to prevent the TimeKey from being plugged in back- 
wards and aid in alignment of the receptacle. For porta- 
ble applications, contact to the TimeKey pins can be de- 
termined to ensure connection integrity before data 
transfer begins. CLK, RST, and DQ all have 20K ohm 
pulldown resistors to ground that can be sensed by a 
reading device. 
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COMMAND WORDS Table 1 

Summary of the command words in hexadecimal as they apply to all function codes for both program mode and nor- 
mal mode for the DS1 207-G01 only. (See Figure 1 2 and Figure 1 3 for detailed command words.) 



MODE 


w— i i a i rt-rirt a 1 

FUNCTION 


COMMAND WORDS 






MSB 




LSB 


NORMAL 




READ 


BO 


01 


62 


NORMAL 


WRITE 


BO 


01 


9D 


PROGRAM 


WRITE 


BO 


02 


9D 


PROGRAM 


READ DAY CLOCK COUNTER 


BO 


02 


F1 


PROGRAM 


READ DAYS REMAINING 


BO 


02 


F3 


PROGRAM 


WRITE DAYS REMAINING 


BO 


02 


F2 


PROGRAM 


ARM OSCILLATOR 


BO 


02 


F5 


PROGRAM 


LOCK NUMBER OF DAYS COUNT 


BO 


02 


F6 


PROGRAM 


STOP OSCILLATOR 


BO 


02 


F4 



BLOCK DIAGRAM: NORMAL MODE Figure 1 

D/Q 



<c 



CLK 



RST 



Control 
Logic 



Command Register 



64-Bit 

Identification 



Match 



I 



384-Bit 

Secure Memory 



Compare Register 



Garbled Data 
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NORMAL MODE: READ OR WRITE SECURE READ/WRITE MEMORY Figure 2A 



i . — ►(^RESET HighJ) 



I 



Write Command 



24 Bits Including 




T 



I 



Read 64 Bits Identification 



Write 64 Bits 




Security Match 



Read or write 
384 bits based on 
function code 



3 



Secure Read/Write 
Memory 



Stop 



I 



RESET Low 



Output in High Z 
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SEQUENCE: NORMAL MODE, READ OR WRITE SECURE MEMORY Figure 2B 

Function Code Identification Security Match 



Command Word 



64 Read Cycles 



64 Write Cycles 



Match 



Secure Memory 



384 Reads or Writes 



BLOCK DIAGRAM: PROGRAM MODE Figure 3 

D/Q 



CLK 



RST 



Control 
Logic 



Command Register 



64-Bit 
Identification 



64-Bit 

Security Match 



20-Bit Clock 
Counter 

9-Bit No. of Days 
Remaining Counter 
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PROGRAM MODE: PROGRAM 



IDENTIFICATION AND SECURITY MATCH MEMORY Figure 4A 



RESET High ^) 



I 



Write Command 



NO ^ Match 




24 Bits Including 
Function Code 



Write 64 Bits 



i 



Write 64 Bits 



5 



Identification 



Security Match 





Stop 







RESET Low Output in High Z 



SEQUENCE: PROGRAM MODE, PROGRAM IDENTIFICATION AND SECURITY 
MATCH BITS Figure 4B 



Function Code 



Identification 



Command Word 



64 Write Cycles 



Security Match 



64 Write Cycles 
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FLOW CHART: PROGRAM MODE, READING THE 20-BIT 



Figure 5A 



^ RESET High ^ ) 



I 



Write Command 



24 Bits Including 
Function Code 



Match 

NO Program Mode 

Read Day Clock 
Counter 




Output In High Z 



SEQUENCE: PROGRAM MODE, READING THE 20-BIT DAY CLOCK COUNTER Figure 5B 

Function Code Day Clock Counter 



Command Word 







20 Read Cycles 
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FLOW CHART: PROGRAM, READING THE 9-BIT NUMBER OF DAYS COUNTER Figure 6A 




24 Bits Including 
Function Code 



Number of 
Days Counter 



Output In High Z 
' ' 



SEQUENCE: PROGRAM MODE, READING THE 9-BIT NUMBER OF DAYS COUNTER Figure 6B 

Function Code Day Clock Counter 



Command Word 



9 Read Cycles 
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FLOW CHART: PROGRAM MODE, WRITING TO NUMBER OF DAYS COUNTER Figure 7A 



( RESET High J 



Write Command 



24 Bits Including 
Function Code 




Write 9 Bits 



Number of 
Days Counter 



Stop 



Output in High Z 



RESET Low 



SEQUENCE: PROGRAM MODE, WRITING THE NUMBER OF DAYS COUNTER Figure 7B 

Function Code Day Clock Counter 



Command Word 



9 Write Cycles 
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FLOW CHART: 



MODE, LOCK NUMBER OF DAYS REGISTER Figure 8 

Q RESET HigrT ) 



I 



Write Command 




24 Bits Including 
Function Code 



Number of Days 
Locked 



3 



Number of Days 
Counter 



Stop 



I 



RESET Low 



Output in High 2 



FLOW CHART: PROGRAM MODE, ARM OSCILLATOR Figure 9 

( ^RESET High ) 




24 Bits Including 
Function Code 



Nin ^ Match 
INU ^ Program Mode 
to Arm Oscillator 



Oscillator Armed 



3 



Stop 



I 



RESET Low 



Output in High Z 
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FLOW CHART: PROGRAM MODE, STOP OSCILLATOR Figure 10 

C RESET High J 
v . ' 




Oscillator Stopped 



i 



Stop 



I 



RESET Low 



Output in High Z 



SETTING THE TIME UNTIL EXPIRATION OF THE DS1207 Figure 11 



Step 1 


Program identification memory 
Program security match bits 
Write normal mode secure data 


Step 2 


Program write the number of days remaining 

Program read the number of days remaining for verification 


Step 3* 


Issue arm oscillator command 


Step 4* 


Do a read of any kind 


Step 5* 


Program read the day clock counter several times (verify that the oscillator is running) 


Step 6* 


Issue the stop oscillator command 


Step 7 


Issue the lock command 


Step 8 


Issue the arm oscillator command 

(time of expiration will start on first access) 



* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 
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COMMAND WORD Figure 12 



23 



DS1207-G01 



DS1207-G02 



DS1207-G03 



DS1207-G04 



















X 


X 


X 


X 


X 


X 


p 


p 



1 


X 


X 


x^ 


X 


X 


X 


x 





















p 


p 


1 





1 


1 






























1 


p 


p 


1 





1 


1 











































1 





p 


p 


1 





1 


1 



























1 


1 


p 


p 


1 





1 


1 















Byte 1 
Byte 2 

Byte 3 

Byte 2 
Byte 3 

Byte 2 
Byte 3 

Byte 2 
Byte 3 

Byte 2 
Byte 3 














1 








p 


p 


Byte 2 


DS1207-G05 


1 





1 


1 














Byte 3 
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FUNCTION CODES: FIRST BYTE OF COMMAND WORD Figure 13 



LSB 






1 


1 











1 







1 










1 


1 





1 




1 

















1 




1 














1 























1 














1 


1 




1 











1 










1 











,1. , 





1 




1 











1 


1 






READ 
WRITE 

READ DAY CLOCK COUNTER 

WRITE NUMBER OF DAYS REMAINING 

READ NUMBER OF DAYS REMAINING 

STOP OSCILLATOR 

ARM OSCILLATOR 

LOCK NUMBER OF DAYS COUNT 



DATA TRANSFER: NORMAL MODE, READ OR WRITE SECURE READ/WRITE MEMORY 

Figure 14 



CLOCK 



RESET 




DATA TRANSFER: PROGRAM MODE, PROGRAM IDENTIFICATION AND SECURITY MATCH 



MEMORY Figure 15A 



CLOCK 



RESET 



< 



12 23 



\ COMMAND 

WORD 



QO 



Q1 



Q62 



WRITE 
64 BITS 



Q63 



QO 



Q1 



Q62 



WRITE 
64 BITS 



Q63 



y 
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DATA TRANSFER: PROGRAM MODE, DAY CLOCK, DAYS REMAINING AND OSCILLATOR 
CONTROL Figure 15B 



CLK 




23 



QO 



Q1 



COMMAND 
WORD 



WRITE OR READ 
XBITS 



NOTE: The number of bits which follow the command word will be either 0, 9, or 20 bits based on the function code. 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any Pin Relative to Ground -1 .OV to +7.0V 

Operating Temperature 0°C to 70°C 

Storage Temperature -40°C to +70°C 

* This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operation sections of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods of time may affect reliability. 



RECOMMENDED DC OPERATING CONDITIONS (0°C to 70°C) 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Logic 1 


V| H 


2.0 






V 


1 


Logic 


V|L 


-0.3 




+0.8 


V 


1 


Reset Logic 1 


V|HE 


3.5 






V 


1 


DC ELECTRICAL CHARACTERISTICS 




(0°C to 70°C; RST = 3.5V 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 






Input Leakage 


ItL 






+500 


|iA 


4 


Output Leakage 


Ilo 






i end 
+500 


(xA 




Output Current @2.4V 


low 


-1 






mA 




Output Current @0.4V 










mA 




RST Input Resistance 


Zrst 


10 




oO 


Kohms 




D/Q Input Resistance 


Zdq 


10 




en 
OU 


K ohms 




CLK Input Resistance 


ZcLK 


10 




oO 


Kohms 




RST Current @3.5V 


I RST 






2 


mA 


6, 9 


CAPACITANCE 










(t A =25°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Input Capacitance 


C|N 






5 






Output Capacitance 


COUT 






7 


PF 




AC ELECTRICAL CHARACTERISTICS 






(0°C to 70°C 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNITS 


NOTES 


Data To CLK Setup 


tDC 


50 






ns 


2, 7 


CLK to Data Hold 


tCDH 


70 






ns 


2, 7 


CLK to Data 


tCDD 






200 


ns 


2, 3, 5, 7 


CLK Low Time Delay 


t C L 


250 






ns 


2, 7 


CLK High Time 


tfJH 


250 






ns 


2, 7 


CLK Frequency 


fCLK 


DC 




2.0 


MHz 


2, 7 


CLK Rise & Fall 


tR, t F 






500 


ns 


2, 7 


RST to CLK Setup 


*cc 


1 






US 


2, 7 


CLK to RST Hold 


tcCH 


60 






ns 


2, 7 


RST Inactive Time 


*CWH 


10 






ms 


2, 7, 


RST To I/O High Z 


tfJDZ 






70 


ns 


2, 7 
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DATA —T7 
INPUT/OUTPUT 



zzx 



R/W 



-11- 

-1L- 



yzzzzmz 



TIMING DIAGRAM: READ DATA 

J&* 



RESET 



CLOCK 



tcc 



*DC 



"V 



'cdd' 



> — <[ 



tcWH 



tCDZ 



-tt- 



-tt- 



NOTES: 

1 . All voltages are referenced to GND. 

2. Measured at V| H = 2.0 or V| L = .8V and 10 ns maximum rise and fall time. 

3. Measured at V OH = 2.4 volts and V l = 0.4 volts. 

4. For CLK, D/Q, and RST. 

5. Load capacitance = 50 pF. 

6. Measured with outputs open. 
Measured at Vm of RST greater than or equal to 3.5 volts. 

Each DS1207 is marked with a 4-digit code AABB. AA designates the year of manufacture. BB designates the 
week of manufacture. The expected t DR is defined as starting at the date of manufacture. 

Average AC RST current can be determined using the following formula: 
"TOTAL = 2 + Iload DC + (4 x 1 0-3) (CL + 280) f 
"total anc l "load are in mA ; CL is in pF; f is in MHz. 
Applying the above formula, a load capacitance of 50 pF 
running at a frequency of 2.0 MHz gives an Ijotal of 1 .6 mA. 
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SOFTWARE PROTECTION: 
BUTTON BASED PRODUCTS 



DS1401/DS1402 



DALLAS 

SEMICONDUCTOR 



DS1401 

Front Panel Button Holder 

DS1402 
Button Cable 



FEATURES 

• A convenient interface for Buttons 

• Can be used with any Dallas Semiconductor Button 
holder 

• Provides from 4 to 24 Button ports (1 port used for But- 
ton Cable connection) 

• Buttons can be inserted in any combination 

• Momentary touch or dwelled contact 

• Fastens to any convenient location 




BUTTON CAVITY 




DESCRIPTION 

Dallas Buttons can now be conveniently accessed 
using the DS1401 and DS1402. 

The DS1401 is connected to the computer using the 
DS1 402 and any Dallas Button Holder (which connects 
to an I/O port). TheDS1401 mounts to any surface (top 
of tower computer, CRT, keyboard). 

The DS1401 supports Dallas' MicroLan architecture, 
allowing Buttons to be inserted into Button ports in any 



combination. Each Button's unique 64-bit ID makes 
location detection automatic. 

The DS1401 also supports momentary touch contact 
with Button ports for applications which do not require a 
dwelled contact. 

Multiple versions of the DS1 401 are available to provide 
4 to 24 Button ports. 
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DALLAS 

SEMICONDUCTOR 



DS1410D 

Parallel Port Button Holder 



FEATURES 

• Provides a parallel port interface for Dallas Buttons 

• No external power required 

• Coexists with other parallel port resident products 

• Operates with DOS, OS/2, Windows, 
PC Based-UNIX, Windows NT, QNX 

• Used to protect applications installed on a system 



DS1410D BUTTON HOLDER 




PRESS 



DESCRIPTION 

The DS1410D Parallel Port Button Holder interfaces 
Dallas Semiconductor Authorization Buttons to host 
computers via a PC parallel port. In conjunction with the 
Buttons, the DS1 41 OD provides a high security storage 
vault for critical execution control information. Only 
users that possess a Button can utilize the software, 
preventing execution of unauthorized copies. 

The modularity of the DS1 41 OD allows for easy feature 
customization. The device supports the insertion of two 
Buttons, which can be removed and replaced to vary 
functionality. 



For example, a DS1427 Time Button can be pro- 
grammed for a 30 day expiration, issued with a 
DS1 41 OD, and a software copy. The evaluator can be 
converted into a registered user by issuing a DS1425 
Button and inserting it into the second receptacle. 

The DS1 41 OD supports the same Buttons as other Dal- 
las Burton Holders. This allows standardization of any 
protection scheme across virtually all hardware plat- 
forms, regardless of the operating system. The Buttons 
remain constant, and the Button holders change 
according to the specific platform interface. 
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DS1410D SOFTWARE 

The DS1410D Development Kit contains access sys- 
tem software which must be linked with the application 
software in order to complete integration. The support 
for the application development environments and 
operating systems lies in the interface software of the 
access system. The access system contains the low 
level interface for communicating with the Buttons. 

NOTE: The DS1410D is not object code compatible 
with the DS1410. However, both object modules can 
cc—exist to provide support for both holders. 



The DS141 OD attaches directly to the PC parallel port. 
If use of a printer is desired, the DS1 41 OD should reside 
between the parallel port and the printer cable. With 
system and printer both off, simply plug the 25-pin male 
D connector side of the DS1410D into the PC parallel 
port and then plug the printer cable into the 25-pin 
female D connector side of the DS1410D. The top and 
bottom screws that reside on the DS1410D and the 
printer cable should then be tightened accordingly. 

Attaching another parallel port device is not required to 
operate the DS1410D. 



DS1410D HARDWARE 

The DS1410D passes through all the parallel port I/O 
lines, which allows them to be stacked with other 
DS1410D's or other parallel port resident devices. 



To cascade DS1410D's, simply follow the same direc- 
tions as above, inserting DS1410D 25-pin D male and 
female connectors accordingly. 
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DALLAS 

SEMICONDUCTOR 



DS1412 

Serial Port Button Holder 



FEATURES 

• RS232 interface for Dallas Buttons 

• No external power required 

• API included 

• No gender changers needed 

• Multiplatform Support 




-pBOTEl 




DESCRIPTION 

The DS1 41 2 Serial Port Button Holder interfaces Dallas 
Semiconductor Authorization Buttons to host comput- 
ers via an RS232 serial port. In conjunction with the But- 
tons, the DS1 41 2 provides a high security storage vault 
for critical license management and execution control 
information. Only users that possess a Button can uti- 
lize the software, preventing execution of unauthorized 
copies. 

The modularity of the DS1412 allows for easy feature 
customization. The device supports the insertion of one 
Button, which can be removed and replaced with 
another Button of different functionality. 



For example, a DS1427 Time Button can be pro- 
grammed for 30 day expiration, issued with a DS1412, 
and an evaluation software copy. Upon expiration, the 
evaluator can be converted into a registered user simply 
by issuing a DS1425 Button. 

The DS1 41 2 supports the same Buttons as other Dallas 
Button holders. This allows standardization of any 
protection scheme across virtually all hardware plat- 
forms, regardless of the operating system. The Buttons 
remain constant, and the Button holders change 
according to the specific platform interface. 
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DS1412 



DS1412 SOFTWARE 

The DS1412 Development Kit contains an object file 
which must be linked with the application software in 
order to complete integration. This object file contains 
the low level interface for communicating with the 
DS1412. 

An Application Programming Interface (API) has been 
provided as part of the DS1412 development software 
so that interfacing to the Buttons can be accomplished 
using high level commands. 

The microprocessor contained in the DS1412 enables 
standard RS232 communication. The communication 
with the DS1 41 2 is performed through a standard serial 
port device driver, eliminating the need to remake the 
UNIX kernel to install additional device drivers. 



DS1412 HARDWARE 

The DS1 41 2 will integrate without modification onto dif- 
ferent host computers, especially where their is no gen- 
der uniformity. One end of the DS1 41 2 is a male connec- 
tor and the other a female. Choose the proper end 
accordingly, connect to the serial port of tl 
the DS1412 will operate properly. 

NOTE: The DS1412 requires a dedicated serial port 
regardless of which end is connected to the host. 

A red label has been provided which should be affixed to 
the end the DS141 2 not in use. This will ensure that no 
one attempts to connect another serial port device (a 
modem for example) in line with the DS1412. 



DS1412 APPLICATION PROGRAM INTERFACE 

DS1 41 2api.c is provided to construct the DS1 425 Software Key and DS1 427 Time Key specific command structures 
and data packets which will be sent to the serial port transfer layer called sportio (serial port I/O) . Note: The DS1 425 
and DS1 427 buttons are described in detail in their respective datasheets. The *take_census function is available for 
the DS1420, DS1425 and DS1427 buttons. The following function is provided in DS1412api.c. 



uchar *take_census (uchar *num_pres) 

This function reads the ROM Data from all of the DOW (Dallas 1-wire) parts present on the 1 -wire bus of the DS1 41 2. 
take_census returns a pointer to the beginning of the buffer containing the ROM Data. num_pres indicates the num- 
ber of DOW parts found during the census. If num_pres == the structure DS1 41 2_comm (described below) should 
be examined to determine the cause of the failure. 

Please note that for many of the functions described below, a true result only implies that the data you specified was 
sent the proper button. For example, if read_subkey is called with an incorrect password in the key_dta array, the 
multikey button will send back incorrect secure data. However, read_subkey will return true (providing a DS1 41 2 and 
button are present) as nobody but the caller has any way of knowing if the password and secure data are correct. To 
verify any data write or transfer the user can simply call the appropriate read function. 



Please consult the button data sheets for details on their use. 
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DS1412 



DS1425 SPECIFIC FUNCTIONS 

The following functions are available for communication with a DS1 425 button. For more information on the features 
of the button itself please refer to the DS1 425 data sheet. Example programs and details of functions are provided in 
the documentation and example program provided with the API software. 



uchar readsubkey (uchar key_num, uchar *key_dta, uchar *rom_ptr) 

This function reads the secure subkey specified by key num of the DS1 425 with ROM Data pointed to by rom_ptr. 
keydta points to a 64 byte field constructed as follows: 



bytes 0-7 
bytes 8-1 5 
bytes 16-63 



ID field 

password field bytes 
secure data field 



Upon successful completion, read_subkey returns true, and the ID and secure data fields are overwritten with data 
from the key (the password field is left untouched as it is write only memory in the DS1 425). If the function fails for any 
reason, read_subkey returns false. A structure defined below will specify the reason for the failure condition. 



uchar write_subkey (uchar key_num, uchar *key_dta, uchar *rom_ptr) 

This function writes to the secure subkey, specified by keyjium, of the DS1 425 with ROM Data pointed to by rom_ptr. 
The data sent to the part is taken from the field pointed to by key_dta. Upon successful completion, write_subkey 
returns true. If the function fails for any reason write_subkey returns false. 

uchar read_1425_sp (uchar *scr_dta, uchar *rom_ptr) 

This function reads the scratchpad of the DS1 425 with ROM Data pointed to by rom_ptr. Upon successful completion 
read_1 425_sp returns true with the 64 byte field pointed to byte scr_dta (this is simply a homogenous field of Read/ 
Write memory) overwritten with the scratchpad data from the selected DS1425. Any failure will result in 
read_1 425_sp returning false. 

uchar write_1425_sp (byte *scr_dta, byte *rom_ptr) 

This function writes the scratchpad of the DS1 425 with ROM Data pointed to by rom_ptr. The data sent to the part is 
taken from the field pointed to by scr_dta. Upon successful completion write_1 425_sp returns true. Any failure will 
result in write_1 425_sp returning false. 

uchar reprogram subkey (uchar key num, uchar *key_dta, uchar *rom_ptr) 

This function reprograms the subkey (specified by key_num) of the DS1 425 with ROM Data pointed to by rom_ptr. 
The first 8 bytes of the key_dta array should contain the old ID field of the subkey to be reprogrammed. The second 8 
bytes should contain the new ID, and the next eight bytes should hold your new password for the subkey. Upon suc- 
cessful completion reprogram_subkey returns true. Please note that a true result only implies the data was sent to the 
correct DS1425. To reprogram the subkey, the old ID field you pass this function must match that of the specified 
subkey in the DS1425. Any failure will result in reprogram_subkey returning false. 

uchar move_block (uchar key_num, uchar *key_dta, uchar *rom_ptr, uchar blocknum) 

This function performs the move block command of the DS1 425 with ROM Data pointed to by rom_ptr. blocknum is a 
value from to 8 which specifies the block to be transferred from the scratchpad, to the secure subkey number speci- 
fied by key num. The second 8 byte field of key dta must contain the 8 byte password field which is required by the 
DS1 425 for any block transfer. Upon successful completion move_block returns true. Please note that this does not 
imply that the move block occurred within the DS1 425. If the password was incorrectthe move block will be terminated 
by the DS1 425. All successful completion guarantees is that the DS1 425 received the specified data. Any failure will 
result in move_block returning false. 
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DS1427 SPECIFIC FUNCTIONS 

The following functions are available for communication with a DS1 427 button. For more information on the features 
of the button itself please refer to the DS1 427 data sheet. Example programs and details of functions are provided in 
the documentation and example program provided with the API software. 

uchar read_1427_smem (uchar *smem_dta, uchar *rom_ptr, uchar page num) 

This function reads the secure memory page (specified by page_num), of the DS1427 with ROM data pointed to by 
rom_ptr. smem_dta is a pointer to a 32 byte block of memory which will receive the secure memory data read from the 
DS1 427. Upon successful completion read_1 427_smem returns true, otherwise it returns false. 

uchar read_1427_sp (uchar *scr_dta, uchar *rom_ptr) 

This function reads the scratchpad of the DS1 427 with ROM data pointed to by rom_ptr. The data read is stored begin- 
ning at the location pointed to by scr_dta. The first three bytes will receive the authorization code required for a copy 
scratchpad (described below). The next 32 bytes will be the scratchpad data just read. Upon successful completion 
read_1 427_sp returns true, otherwise it returns false. 

uchar write_1427_sp (uchar *scr_dta, uchar *rom_ptr, uchar page_num) 

This function writes the scratchpad of the DS1427 with ROM data pointed to by romptr. The data written to the 
scratchpad is taken starting with the byte pointed to by rom_ptr. page_num specifies which page you want this data 
copied to via a copy scratchpad command. Upon successful completion write_1 427_sp returns true, otherwise it 
returns false. 

uchar copy_1427_sp (uchar *auth_code, uchar *rom_ptr) 

This function copies the contents of the scratchpad, with ROM Data pointed to by rom_ptr, to the secure memory 
starting at an address specified by the authorization code (first three bytes received from a read scratchpad) . Remem- 
ber that to set any of the write protect bits in the clock page (page #16), the copy scratchpad must be performed three 
times. After the first copy the AA bit is set. This means that the authorization code changes. The scratchpad can be 
read again, or you can set that bit in the authorization code to save time. Upon successful completion copy_1 427_sp 
returns true, otherwise it returns false. 

typedef struct 

{ 

char tty_name[20] 
uchar setup_error; 
uchar driver_open_error 
uchar ioctl_error 
ucharno_DS1412; 
uchar no_button; 
uchar mem_err; 

} 

DS1412_struct; 

DS1 41 2_struct DS1 41 2_comm; 
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DS1412_comm: Contains fields used to examine error conditions and specify which try driver is to be used to com- 
municate with the DS1412. 

ttyjiame: Copy the name of the tty driver for sportio to use for communication with the DS1 41 2 in this field (i.e. /dev/ 
ttya to use the serial port A on a SUN). 

setup_error: This field is currently unused. 

driver_open_error: If this field is true (1) tty_name is most likely invalid. 

ioctl_error: If this field is true (1) an error occurred getting/setting the tty drivers parameters. This is not likely if 
tty_name is correct. 

no_DS1412: This field is true (1) if no DS1412 was found on the serial port. 

no_button: This field is true (1) if either no DS1 41 2 was found, or if a DS1412 is present but contains no buttons. If 
no_DS1412 is false (0), and no button is true (1) prompt the user to insert a button. 

mem_err: This field is true (1 ) if an error occurs attaching a shared memory segment. This is unlikely because sportio 
uses only a few bytes of the shared memory segment, and detaches the segment quickly. 
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DS1414 



DALLAS 



DS1414 

Network Button Holder 



FEATURES 

• Parallel port interface for Buttons 

• No external power required 

• One device required per network 

• Operates with third party license management 
software 

• Protects multiple applications 

• Updates license transparently 




DESCRIPTION 

The DS1414 Network Button Holder interfaces Dallas 
Semiconductor Authorization Buttons to host comput- 
ers via a parallel port. The combination provides a high 
security storage vault for critical license management 
and execution control information. 

The DS1 414 can be placed on a server or any client on 
the network. If placed on the server, no additional com- 
munication software is necessary on the clients. The 
server software and API (both provided in the develop- 
ment kit) work together to allow individual client ses- 
sions to be authenticated from the central server. 



One major advantage of the DS1414 is the ability to 
update Buttons. The update procedure can be per- 
formed transparent to the end user, as a natural exten- 
sion of the software update process. This simplifies the 
task of adding users, software options or new applica- 
tions, while maintaining a complete audit trail. 

The DS1 414 supports the same Buttons as other Dallas 
Button holders. Standardize your single user and net- 
work software protection scheme across virtually all 
hardware platforms, regardless of the operating sys- 
tem. The Buttons remain constant, and the Button hold- 
ers change according to the specific platform interface. 
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DALLAS 

SEMICONDUCTOR 



DS1420 

Serial ID Button 



FEATURES 

• Provides a unique 64-bit serial number 

• No external power required 

• Uses inexpensive 1-wire protocol 

• Universally portable across platforms 



PACKAGE OUTLINE 




DESCRIPTION 

Authorization Buttons are sophisticated microelectron- 
ics, sealed into miniature stainless steel cans, creating a 
low cost, portable medium for storing and controlling 
access to sensitive information. 

Buttons are used with Button Holders as a hardware 
based protection system for software. Buttons help pro- 
tect the right to copy software by actually protecting the 
rightto execute it. Software can now be locked to a user, 
a machine, or an application with a complete audit trail 
and guaranteed uniqueness. 

The DS1 420 is a Button that provides a 64-bit unique ID 
number, and is typically used to uniquely identify a per- 
son or a machine. 



Hardware communication with Buttons is conducted via 
a 1-wire interface. The conversion from a PC I/O port to 
the 1-wire interface is the responsibility of the Button 



Software applications communicate with the Button 
using Dallas' Access System, which is contained in any 



of the Button Holder Developer's kits. The Access Sys- 
tem provides software developers with easy to use 
commands which are embedded into the application in 
order to utilize the Button resources during run time. 

For more information on the Access System, please ref- 
erence any of the Button Holder data sheets. 

Each Dallas Button is uniquely serialized with a 64-bit 
code that is laser-etched in the silicon. This unique ID 
provides a basic level of security, is traceable in the field, 
and makes it possible to identify the specific Button in a 
field of many. 

The serial number is divided into three parts (see Figure 
1 ). The 8-bit family code tells the Access System (and 
consequently the developer) what type of Button is 
being used. The next 48 bits are lasered sequentially 
with no two numbers the same. The last 8 bits contain a 
Cyclic Redundancy Check (CRC) value that has been 
calculated across the family code and the 48-bit serial 
number. The CRC ensures that Button communication 
is error free. 



SERIAL NUMBER ORGANIZATION Figure 1 



8-BIT CRC CODE 

MSB 



FAMILY CODE 82H 



48-BIT SERIAL NUMBER NUMBER 



1OOOOO01 



Copyright « 1993 Dallas Semiconductor Corporation 
Printed in U.S.A. 



321 



083093 1/1 



PRODUCT PREVIEW 



DALLAS 

SEMICONDUCTOR 



DS1422 

1 Kbit Add-Only UniqueWare Button 



SPECIAL FEATURES 

• 1024-bits Electrically Programmable Read Only 
Memory (EPROM) partitioned into four 256-bit pages 
for randomly accessing packetized data records 

• Each memory page can be permanently write-pro- 
tected to prevent tampering 

• Device is an "add only" memory where additional data 
can be programmed into EPROM without disturbing 
existing data 

• Architecture allows software to patch data by super- 
seding an old page in favor of a newly programmed 



F5 MICROCAN™ 



• Reads over a wide voltage range of 2.8V to 6.0V from 
-40°C to +85°C; programs at 11.5V ± 0.5V from 
-40°C to +85°C 

COMMON BUTTON FEATURES 

• Unique, factory-lasered 64-bit identification number 

• Communicates at 16.3Kbits per second 

• Standard 16 mm diameter and 1-Wire protocol 
ensure compatibility with Button family 

• Steel case withstands harsh environments 

• Meets UL#913 (4th Edit); Intrinsically Safe Appara- 
tus, Approved under Entity Concept for use in Class 
I, Division 1 , Group A, B, C and D Locations 



^1 9.03 

0.3fr*-j 




DATA t 



DESCRIPTION 

The DS1 422 UniqueWare Button is an add only alterna- 
tive to the static RAM based DS1 425 and DS1 427 But- 
tons. The DS1 422 consists of a factory-lasered 64 bit 
identification number plus 1Kbit of EPROM, which is 
user-programmable. The power to program and read 
the DS1 422 is derived entirely from the 1-Wire commu- 
nication line. Data is transferred serially via the 1-Wire 
protocol. The entire device can be programmed and 
then write-protected if desired. Alternatively, the part 
may be programmed multiple times with new data being 
appended to, but not overwriting, existing data with 
each subsequent programming of the device. Note: 
Individual bits can be changed only from a logical 1 to a 
logical 0, never from a logical to a logical 1 . A provision 
is also included for indicating that a certain page or 
pages of data are no longer valid and have been 
replaced with new or updated data that is now residing 
at an alternate page address. This page address 
redirection allows software to patch data and enhance 
the flexibility of the device as a standalone database. 

The DS1422 can be programmed with unchangeable 
information (perhaps a division, location or family code 
of the applications origin) and used to maintain update 
and version control information, tied to a unique identifi- 
cation number. Audibility becomes a snap by reading 
the history of the software's distribution, customized for 
each installation of your software. 
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DS1422 MEMORY MAP Figure 1 
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DALLAS 

SEMICONDUCTOR 



DS1425 

MultiButton 



FEATURES 

• Provides a unique 64-bit serial number and three 384 
bit fields of password protected RAM 



PACKAGE OUTLINE 



• Intelligent response generator included 

• No external power required 

• Uses inexpensive 1-wire protocol 

• Universally portable across platforms 




DESCRIPTION 

Authorization Buttons are sophisticated microelectron- 
ics, sealed into miniature stainless steel cans, creating a 
low cost, portable medium for storing and controlling 
access to sensitive information. 

Buttons are used with Button Holders as a hardware 
based protection system for software. Buttons help pro- 
tect the right to copy software by actually protecting the 
rightto execute it. Software can now be locked to a user, 
a machine, or an application with a complete audit trail 
and guaranteed uniqueness. 

The DS1425 provides a 64-bit unique ID number, and 
three 384 bit fields of password protected RAM. The 
DS1 425 is used to provide nested levels of protection, 
or to protect multiple applications. 

Hardware communication with the Buttons is conducted 
via a 1-wire interface. The conversion from a PC I/O 
port to the 1-wire interface is the responsibility of the 
Button Holder. 

Software applications communicate with the Button 
using Dallas' Access System, which is contained in any 
of the Button Holder Developer's kits. The Access Sys- 
tem provides easy to use commands which are 
embedded into the application in order to utilize the But- 
ton resources during run time. 



Each Dallas Button is uniquely serialized with a 64-bit 
code that is laser-etched in the silicon. This unique ID 
provides a basic level of security, is traceable in the field, 
and makes it possible to identify the specific Button in a 
field of many. 

The serial number is divided into three parts (see Figure 
1 ). The 8-bit family code tells the Access System (and 
consequently the developer) what type of Button is 
being used. The next 48 bits are lasered sequentially 
with no two numbers the same. The last 8 bits contain a 
Cyclic Redundancy Check (CRC) value that has been 
calculated across the family code and the 48-bit serial 
number. The CRC ensures that Button communication 
is error free. 

High levels of security are achieved by storing applica- 
tion code and/or data necessary for execution in the 
Button memory. 

Each 384-bit secure data area is prefaced by a 64-bit 
identification field and an unreadable 64-bit password. 
Note that this password is user selected and pro- 
grammed. This means no one, including Dallas Semi- 
conductor, can access that data. 
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DS14ZS 



If the DS1425 is presented with a valid password from By using seemingly random data in both the password 
the host application, the contents of the secure data will and secure data fields, and by generating many false 
be returned. However, if the DS 1425 is presented with accesses for each valid access, even sophisticated 
an invalid password, the on-board intelligent response attackers are defeated, 
generator will return what seems to be a normal 
response, but is not. T 
tot! 



DS1425 MULTIBUTTON ORGANIZATION Figure 1 



FAMILY CODE 82H 



Secure 
KeyO 



Secure 
Key 1 



Secure 
Key 2 



8-BIT CRC CODE 


48-BIT SERIAL NUMBER 





10000010 
















Scratchpad 
512 bits 








ID 




64 bits 






Password 




64 bits 




Secure Data 
384 bits 




ID 1 




64 bits 








Password 1 





64 bits 
















Secure Data 1 
384 bits 








ID 2 




64 bits 






Password 2 




64 bits 








Secure Data 2 
384 bits 
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DS1427 



DALLAS 

SEMICONDUCTOR 



DS1427 

Time Button 



FEATURES 

• Provides a unique 64-bit serial number, 4K bits of 
RAM 

• No external power required 

• Uses inexpensive 1-wire protocol 

• Universally portable across platforms 

• Programmable secure real time clock with alarm and 
I timer. 



PACKAGE OUTLINE 




DESCRIPTION 

Authorization Buttons are sophisticated microelectron- 
ics, sealed into miniature stainless steel cans, creating a 
low cost, portable medium for storing and controlling 
access to sensitive information. 

Buttons are used with Button Holders as a hardware 
based protection system for software. Buttons help pro- 
tect the right to copy software by actually protecting the 
right to execute it. Software can now be locked to a user, 
a machine, or an application with a complete audit trail 
and guaranteed uniqueness. 

The DS1427 provides a 64-bit unique ID number, 4K 
bits of RAM, and a programmable real time clock. The 
DS1427 is used in leasing and rental applications, soft- 
ware metering, and to vary valid protection keys bytime. 
Ability to distribute demonstration software that expire 
on a date controlled by the deliverer. 

Hardware communication with the Buttons is conducted 
via a 1-wire interface. The conversion from a PC I/O 
port to the 1-wire interface is the responsibility of the 
Button Holder. 

Software applications communicate with the Button 
using Dallas' Access System, which is contained in any 
of the Button Holder Developer's kits. The Access Sys- 



tem provides easy to use commands which are 
embedded into the application in order to utilize the But- 
ton resources during run time. 

Each Dallas Button is uniquely serialized with a 64-bit 
code that is laser-etched in the silicon. This unique ID 
provides a basic level of security, is traceable in thef ield, 
and makes it possible to identify the specific Button in a 
field of many. 

The serial number is divided into three parts (see Figure 
1 ) . The 8-bit family code tells the Access System (and 
consequently the developer) what type of Button is 
being used. The next 48 bits are lasered sequentially 
with no two numbers the same. The last 8 bits contain a 
Cyclic Redundancy Check (CRC) value that has been 
calculated across the family code and the 48-bit serial 
number. The CRC ensures that Button communication 
is error free. 

The DS1 427 tracks elapsed time from either initial pro- 
gramming or from first access by the application soft- 
ware. All timers and alarms can be locked from repro- 
gramming, so that the time base is not compromised in 
any way. 



Copyright © 1993 Dallas Semiconductor Corporation 
Printed in U.S.A. 




Memory is organized into 1 6 pages of 256 bits each. An 
additional scratch page is provided to validate data 
before it is written into storage areas. 

There are four function commands to address the 
memory. Three commands are used to read, write, or 
copy data to or from the scratch page and the storage 
areas accordingly. All data is written to the scratch page 
first, verified, and then copied to the appropriate storage 
locations. The fourth command is used to read the con- 
tents of the storage locations, the clock, elapsed timer, 
alarm registers, or the configuration/status registers. 



The real time clock keeps time in 1/256 second incre- 
ments. This can be translated into seconds, minutes, 
days, months or years. A read of the clock will return the 
number of seconds after the reference date. The 
elapsed timer can be stopped or started based on the 
contents of the configuration registers. 

The configuration and status registers control the oper- 
ating mode of the DS1 427. Setting alarms and control- 
ling interrupts for the clock and elapsed timer are user 
selectable. Additional registers are used to control the 
clock oscillator, elapsed timer triggers, and to provide 
write protection for various memory locations. 



DS1427 TIME BUTTON ORGANIZATION Figure 1 

FAMILY CODE 



8-BIT CRC CODE 


48-BIT SERIAL NUMBER 


10000100 


MSB 

OOOOh 
01FFh 




512 Bytes NV SRAM 

16 Pages 
32 Bytes per Page 




0200h 
0201 h 


Configuration and Status Registers 


0202h 
0206h 


Real Time Clock 


0207h 
020Bh 


Elapsed Timer 


020Ch 
020Fh 


Reserved 


021 Oh 
021 4h 


RTC Alarm 


021 5h 
021 9h 


Elapsed Time Alarm 


021 Ah 
021 Dh 




Reserved 
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DALLAS 

SEMICONDUCTOR 



DS1410K 

Parallel Holder Developer's Kit 



INCLUDES: 

• DS1 410 Button holder 

• DS1420 ID Button 

• DS1425 MultiButton 

• DS1 427 Time Button 

• Software diskette 

• Product data sheets 




• Customer registration form 



DESCRIPTION 

The DS1 41 OK Developer's Kit contains all the software 
and hardware necessary to complete integration of the 
DS141 Button Holder and corresponding Buttons into 
an application. 

The software diskette provided contains an object file 
(called the Access System), which must be linked with 
the application code to provide the communication path 
between the host and the DS1410. 

Documentation and examples in a variety of program- 
ming languages are also provided on the diskette for ref- 
erence. The DS1410 supports DOS, OS/2, Windows, 
and PC-UNIX operating systems. 

The kit also provides three different Buttons and a 
DS1 41 Button holder. No other software or hardware is 
necessary to move into production. Simply choose the 



Button(s) according to your scheme, link the object file 
with the application code, and purchase additional But- 
tons and holders on an as needed basis. 

NOTE: This kit can also be used to develop applications 
for the DS1405 Authorization Module and DS1407 
Timed Authorization Module. The DS1405 is a sealed 
unit version of the DS1410 and DS1425 combination, 
and the DS1407 is a sealed unit version of the DS1410 
and DS1427. 

A Customer Registration Form is provided for easy 
access to free upgrades and discounts on the purchase 
of other Dallas Authorization Developer's kits. 
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DS1412K 



DALLAS 

SEMICONDUCTOR 



DS1412K 

Serial Holder Developer's Kit 



INCLUDES: 

• DS1412 Button holder 

• DS1420 ID Button 

• DS1425 MultiButton 

• DS1 427 Time Button 

• Software diskette 

• Product data sheets 

• Getting started tutorial 

• Customer registration form 




DESCRIPTION 

TheDS1412K Developer's Kit contains all the software 
and hardware necessary to complete integration of the 
DS1412 Serial Button Holder and corresponding But- 
tons into an application. 

The software diskette provided contains an object file 
(the control layer), which must be linked with the 
application code to provide the communication path 
between the host and the DS1412. 

Calls used to check authentication during operation are 
made to the control layer from the application code via 
an Application Programming Interface. 



The DS1 41 2 supports SUN O/S (for SPARC Stations), 
HP-UX, AIX (for RS6000), UnixWare, and PC-UNIX 
operating systems. 

The kit also provides three different Buttons and a 
DS1 41 2. No other software or hardware is necessary to 
move into production. Simply choose Button(s) accord- 
ing to your scheme, link the object file with the applica- 
tion code, and purchase additional Buttons and holders 
on an as needed basis. 

A Customer Registration Form is provided for easy 
access to free upgrades and discounts on the purchase 
of other Dallas Authorization Developer's kits. 
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DALLAS 

SEMICONDUCTOR 



DS1414K 

Network Holder Developer's Kit 



INCLUDES: 

• DS1 41 4 Button Holder 

• DS1420 ID Button 

• DS1425MultiButton 

• DS1 427 Time Button 

• Software Diskette 

• Product Data Sheets 

• Getting Started Tutorial 

• Customer Registration Form 




■ 



DESCRIPTION 

The DS1 41 4K Developer's Kit contains all the hardware 
and software necessary to complete integration of the 
DS1 41 4 Network Button holder and corresponding But- 
tons into LAN server based applications. 

The software diskette contains an Application Program- 
ming Interface which provides high-level communica- 
tion between applications and Buttons. 

The kit also offers run time software which provides rudi- 
mentary routines for implementing a simple server 
based license manager. More sophisticated license 



management needs can be met by using third party soft- 
ware compatible with Buttons. Call Dallas Semiconduc- 
tor for a current list of supported license server vendors. 

The DS1 41 4 is connected to the parallel port of the LAN 
server. Only one DS1414 is required to protect all 
applications serviced by the LAN server hosting the 
device. 

The kit also contains a customer registration form for 
easy access to free upgrades and discounts on other 
Dallas Semiconductor Developer's kits. 
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CUSTOMIZATION OF 1-WIRE PRODUCTS 



I. LASER ROM 

A. General Information 

A major feature of Dallas Semiconductor 1-Wire prod- 
ucts is the laser engraved registration number. This 
unique unalterable number is fundamental to the prod- 
uct line, providing a level of authenticity and security to 
every product which contains it. Each chip becomes a 
globally unique credential because 

1 . Every registration number is different and there are 
no duplicates. 

2. Laser engraved silicon cannot be altered. 

3. Controlling/owning an entire range of registration 
numbers guarantees authenticity of the product. 

Ownership over a registration number range enables 
easy detection of unauthorized use. The test for authen- 
ticity would be: Is the device in question within my range 
of ownership?. This allows a Dallas Semiconductor cus- 
tomer to use these parts as identifiers to authenticate 
their products. 

The unique registration number is contained in a 64-bit 
ROM. The number within the ROM is made up of three 
parts: the Family Code, the Serial Number and the Cyclic 
Redundancy Check (CRC). This unique registration num- 
ber is lasered into each part at the time of manufacture. 

8- bit Family Code 

There are various product types within the 1-Wire prod- 
uct group. Each product type has an identifying Family 
Code which is constant and will not change for the life of 
the product. The first product type was the DS2401 / 
DS1 990A, Family Code 01 H. As products are added to 
the 1-Wire product group a new Family Code is 
assigned. It should be noted that bit 7 (the MSB of the 
Family Code) is reserved as a flag for Special Registra- 
tion Number parts. 

48-bit Serial Number 

Each part in afamily, (i.e., having the same Family Code) 
will have a unique number. The first part made has a 
Serial Number of 0000 0000 0000H. The Serial Number 
in each subsequent part will be incremented by one. 



8-bit CRC 

The Cyclical Redundancy Check (CRC) byte aids in 
verifying data integrity. This value is calculated over the 
Family Code and Serial Number and written into the 
device at the time of manufacture. A detailed explana- 
tion of CRCs is found in the "Book of DS1 9xx Touch 
Memory Standards". 

B. Owning a Range of Special Registration 
Numbers 

All components with the Dallas Semiconductor 1-Wire 
registration number are manufactured in whole lots. A 
whole lot equates to all the devices on one wafer. By the 
nature of the manufacturing process, each wafer (or lot) 
creates a fixed quantity of parts per lot, the quantity 
varying from product to product. When lasering each 
wafer during manufacturing, the starting registration 
number and the range are recorded, so lot integrity is 
maintained throughout the manufacturing process. 
Therefore at the end of the assembly process, each lot 
can be guaranteed to contain all of the yielding parts 
within the range specified on the shipping container. For 
ordering purposes, each lot size represents an order 
multiple. The terminology on the order form uses "Order 
Multiple" but is the same as a lot. Lot sizes or order multi- 
ples for each product type are as follows: 



Device 


typ. lot size 


min. order 
(cust. sp. nrs.) 


DS1982 


2300 


3 lots 


DS1990A 


4200 


2 lots 


DS1991 


1100 


2 lots 


DS1992 


2300 


2 lots 


DS1993 


2300 


2 lots 


DS1994 


850 


4 lots 


DS2401 


4200 


2 lots 


DS2405 


4200 


2 lots 


DS2502 


2300 


3 lots 



C. Ordering Options 

All 1 -Wire devices are sold with three purchase options: 
Broken Lots, Whole Lots, and Special Registration 
Number Range Whole Lots. The key word here is LOT 
sales. 



331 



062294 1/2 



Broken Lots 

Definition: The only guarantee is that no two parts are 
the same. One has to take the numbers as they are 
available. There is no restriction on the quantity pur- 
chased. 

Whole Lots 

Definition: The registration number of all devices falls 
within a specific range. Starting and ending number are 
labeled on the container. The lot is made up of all yield- 
ing devices within the range. This range is set by the 
number of devices fabricated on a wafer and varies 
depending on product type. Minimum order is one lot. 

Special Registration Number Range, Whole 
Lots only 

Definition: The registration numbers of all devices fall 
within a specific range which the customer can partially 
define. The lot is made up of all yielding devices within 
the range. This range is set by the number of device s 
fabricated on a wafer and varies depending on product 
type. 

New customers are assigned a "Custom ID". There is a 
$10,000 setup fee (NRE Charge) for each Custom ID. 
There is a 1 2 week lead time from the date the Special 
Registration Number Range Selection Form is 
accepted by Dallas Semiconductor. Special Registra- 
tion Number Range parts carry a price premium. Con- 
tact Dallas Semiconductor oryour manufacturers repre- 
sentative. The minimum order quantity is detailed on 
the previous page. 

Tape And Reel 

The tape and reel option is available for the TO-92 
through-hole package, and the SOT-223, 8-pin SOIC, 
or 6-pin C-lead surface mount packages. EIA standard 
468-A specifies the dimensions and tolerances to lead 
tape the TO-92 package. The SOT-223 and 8-pin 
SOIC packages are specified by EIA-481-A. 

The reel size for the TO-92 package is 1 ,000 parts per 
reel. In the event of overage, the extra components will 
be placed on a partial reel. The reel size for the 
SOT-223 and 8-pin SOIC packages is 2,500 parts per 
reel. Again, overage will be put on a partial reel. The 
tape and reel option is not available for Touch Memory. 

II. UNIQUE-WARE™ 
A. General Information 

Dallas Semiconductor can supply globally unique 
addresses in the form of chips to meet the standards of 



Ethernet, Token Ring, and cellular phones. The DS2502 
Add-Only Memory can be custom-ordered for quick 
delivery. Each device is registered, programmed to the 
customer's requirements, and locked under strict 
manufacturing controls. The unique registration num- 
ber authenticates the chip and tracks the transfer of 
ownership. Delivery of proprietary codes can be 
restricted to those authorized. 

B. Customization 
ROM Section 

In contrast to Special Registration Number Range 
parts, UniqueWare has no NRE-charge. UniqueWare 
chips are identified by the number 5E7H in the 1 2 most 
significant bits of the 48-bit serial number and the family 
code of 89H. This identification scheme is valid for all 
orders. With UniqueWare, the customization is not 
coded in the laser ROM, but in the second page (page 
address 1) of EPROM. This page is write-protected 
after programming at Dallas Semiconductor. 

Memory Section 

Data Structure within UniqueWare devices is TMEX- 
compatible (length byte, up to 28 byte of data, continua- 
tion pointer, inverted CRC1 6). The first 4 of the up to 28 
data bytes are reserved as project ID, assigned by Dal- 
las Semiconductor. The unique project ID allows the 
customer to identify its proprietary product version. The 
remaining 24 bytes contain the unique address and 
other customer or application specific information. The 
customer defines how these bytes are used. 

If not otherwise specified, the first page of the device 
(page address 0) contains a file directory according to 
TMEX standards. The default file name for UniqueWare 
data is IDNR.000. On request, page will not be pro- 
grammed as a TMEX device directory. This leaves a 
total of 3 pages or 96 bytes to be programmed by the 
customer. 

Depending on customer specification, the prepro- 
grammed and locked file can be up to 3 pages. If shorter, 
there is space for up to two more files in the device. The 
names of these files should be preprogrammed in the 
device directory. Their contents may be written later at 
the customer's site. 

C. Ordering 

For details please contact Dallas Semiconductor or 
your manufacturer's representative. The tape and reel 
option is also available for UniqueWare. 
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MECHANICAL DRAWINGS 



8- TO 28-PIN DIP (300 MIL) 

[— i |— i [— i r~i r~i i~i rn r~i 




Includes: 






DS1000 


DS1211 


DS1632 


DS1000M 


DS1215 


DS1640 


DS1003 


DS1221 


DS1651 


DS1003M 


DS1222 


DS1652 


DS1004M 


DS1228 


DS1652B 


DS1005 


DS1229 


DS1653 


DS1005M 


DS1231 


DS1666 


DS1007 


DS1 232 


DS1667 


DS1010 


DS1 232LP 


DS1669 


DS1012M 


DS1 234 


DS1 802 


DS1013 


DS1 236 


DS1 830 


DS1013M 


DS1237 


DS1 867 


DS1020 


DS1238 


DS1868 


DS1033M 


DS1239 


DS1869 


DS1035M 


DS1259 


DS2009D 


DS1040M 


DS1267 


DS2010D 


DS1044 


DS1275 


DS2011D 


DS1045 


DS1291 


DS2013D 


DS1200 


DS1293 




DS1206 


DS1336 




DS1210 


DS1620 





PKG 


8-PIN 


10-PIN 


14-PIN 


16-PIN 


DIM 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


A IN. 
MM 


0.360 
9.14 


0.400 
10.16 


0.480 
12.19 


0.520 
13.21 


0.740 
18.80 


0.780 
19.81 


0.740 
18.80 


0.780 
19.81 


BIN. 
MM 


0.240 
6.10 


0.260 
6.60 


0.240 
6.10 


0.260 
6.60 


0.240 
6.10 


0.260 
6.60 


0.240 
6.10 


0.260 
6.60 


CIN. 
MM 


0.120 
3.05 


0.140 
3.56 


0.120 
3.05 


0.140 
3.56 


0.120 
3.05 


0.140 
3.56 


0.120 
3.05 


0.140 
3.56 


DIN. 
MM 


0.300 
7.62 


0.325 
8.26 


0.300 
7.62 


0.325 
8.26 


0.300 
7.62 


0.325 
8.26 


0.300 
7.62 


0.325 
8.26 


EIN. 
MM 


0.015 
0.38 


0.040 
1.02 


0.015 
0.38 


0.040 
1.02 


0.015 
0.38 


0.040 
1.02 


0.015 
0.38 


0.040 
1.02 


FIN. 
MM 


0.120 
3.04 


0.140 
3.56 


0.110 
2.79 


0.130 
3.30 


0.120 
3.04 


0.140 
3.56 


0.120 
3.04 


0.140 
3.56 


GIN. 
MM 


0.090 
2.29 


0.110 
2.79 


0.090 
2.29 


0.110 
2.79 


0.090 
2.29 


0.110 
2.79 


0.090 
2.29 


0.110 
2.79 


H IN 
MM 


0.320 
8.13 


0.370 
9.40 


0.320 
8.13 


0.370 
9.40 


0.320 
8.13 


0.370 
9.40 


0.320 
8.13 


0.370 
9.40 


J IN 
MM 


0.008 
0.20 


0.012 
0.30 


0.008 
0.20 


0.012 
0.30 


0.008 
0.20 


0.012 
0.30 


0.008 
0.20 


0.012 
0.30 


KIN. 
MM 


0.015 
0.38 


0.021 
0.53 


0.015 
0.38 


0.021 
0.53 


0.015 
0.38 


0.021 
0.53 


0.015 
0.38 


0.021 
0.53 



Continued on following page. 
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MECHANICAL DRAWINGS 



PKG 


18-PIN 


20-PIN 


24-PIN 


28-PIN 


DIM 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


A IN. 
MM 


0.890 
22.61 


0.920 
23.36 


0.970 
24.63 


1.040 
26.42 


1.150 
29.21 


1.260 
32.00 


1.345 
34.16 


1.370 
34.80 


B IN. 
MM 


0.240 
6.10 


0.260 
6.60 


0.240 
6.09 


0.270 
6.86 


0.250 
6.35 


0.270 
6.86 


0.270 
6.85 


0.295 
7.49 


C IN. 
MM 


0.120 
3.05 


0.140 
3.56 


0.120 


0.140 


0.120 


0.140 


0.120 
3.05 


0.140 
3.56 


D IN. 
MM 


0.300 
7.62 


0.325 
8.26 


0.295 
7.49 


0.325 
8.26 


0.300 
7.62 


0.325 
8.26 


0.300 
7.62 


0.325 
8.26 


EIN. 
MM 


0.015 
0.38 


0.040 
1.02 


0.015 
0.38 


0.040 
1.02 


0.015 
0.38 


0.040 
1.02 


0.015 
0.38 


0.050 
1.27 


FIN. 
MM 


0.120 
3.04 


0.140 
3.56 


0.120 
3.04 


0.140 
3.56 


0.125 
3.18 


0.135 
3.48 


0.125 
3.18 


0.135 
3.48 


GIN. 
MM 


0.090 
2.23 


0.110 
2.79 


0.090 
2.23 


0.110 
2.79 


0.090 
2.23 


0.110 
2.79 


0.090 
2.23 


0.110 
2.79 


H IN 
MM 


0.320 
8.13 


0.370 
9.40 


0.310 
7.87 


0.390 
9.91 


0.320 
8.13 


0.370 
9.40 


0.320 
8.13 


0.370 
9.40 


JIN 
MM 


0.008 
0.20 


0.012 
0.30 


0.008 
0.20 


0.012 
0.30 


0.008 
0.20 


0.012 
0.30 


0.008 
0.20 


0.012 
0.30 


KIN. 
MM 


0.015 
0.38 


0.021 
0.53 


0.015 
0.38 


0.021 
0.53 


0.015 
0.38 


0.022 
0.56 


0.015 
0.38 


0.022 
0.56 
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24- TO 40-PIN DIP (600 MIL) 




Includes: 

DS1212 
DS1609 
DS2009 
DS2010 
DS2011 
DS2012 
DS2013 



PKG 


24-PIN 


28-PIN 


40-PIN 


DIM 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


A IN. 
MM 


1.245 
31.62 


1.270 
32.25 


1.445 
36.70 


1.470 
37.34 


2.050 
52.07 


2.075 
52.71 


BIN. 
MM 


0.530 
13.46 


0.550 
13.97 


0.530 
13.46 


0.550 
13.97 


0.530 
13.46 


0.550 
13.97 


CIN. 
MM 


0.140 
3.56 


0.160 
4.06 


0.140 
3.56 


0.160 
4.06 


0.140 
3.56 


0.160 
4.06 


DIN. 
MM 


0.600 
15.24 


0.625 
15.88 


0.600 
15.24 


0.625 
15.88 


0.600 
15.24 


0.625 
15.88 


E IN. 
MM 


0.015 
0.380 


0.050 
1.27 


0.015 
0.380 


0.040 
1.02 


0.015 
0.380 


0.040 
1.02 


FIN. 
MM 


0.120 
3.05 


0.145 
3.68 


0.120 
3.05 


0.145 
3.68 


0.120 
3.05 


0.145 
3.68 


GIN. 
MM 


0.090 
2.29 


0.110 
2.79 


0.090 
2.29 


0.110 
2.79 


0.090 
2.29 


0.110 
2.79 


HIN 
MM 


0.625 
15.88 


0.675 
17.15 


0.625 
15.88 


0.675 
17.15 


0.625 
15.88 


0.675 
17.15 


JIN 
MM 


0.008 
0.20 


0.012 
0.30 


0.008 
0.20 


0.012 
0.30 


0.008 
0.20 


0.012 
0.30 


KIN. 
MM 


0.015 
0.38 


0.022 
0.56 


0.015 
0.38 


0.022 
0.56 


0.015 
0.38 


0.022 
.56 
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MECHANICAL DRAWINGS 



8-PIN SOIC (150 MIL AND 200 MIL) 

k-H H-HgK 





t" 

B H 
1 


■ 


HHHH HHNR 


1 •caeraa 








* A ~ 


'1 t 




PKG 


8-PIN 
(150 MIL) 


8-PIN 
(200 MIL) 


DIM 


MIN 


MAX 


MIN 


MAX 


A IN. 
MM 


0.188 
4.78 


0.196 
4.98 


0.203 
5.16 


0.213 
5.41 


BIN. 
MM 


0.150 
3.81 


0.158 
4.01 


0.203 
5.16 


0.213 
5.41 


CIN. 
MM 


0.052 
1.32 


0.062 
1.57 


0.070 
1.78 


0.074 
1.88 


E IN. 
MM 


0.004 
0.10 


0.010 
0.25 


0.004 
0.10 


0.010 
0.25 


FIN. 
MM 


0.058 
1.47 


0.068 
1.73 


.074 
1.88 


.084 
2.13 


G IN. 
MM 


.050 BSC 
1.27 BSC 


HIN 
MM 


0.230 
5.84 


0.244 
6.20 


0.302 
7.67 


0.318 
8.07 


J IN 
MM 


0.007 
0.17 


0.010 
0.25 


0.006 
0.15 


0.010 
0.25 


KIN. 
MM 


0.013 
0.33 


0.019 
0.49 


0.013 
0.33 


0.020 
0.51 


LIN. 
MM 


.016 
.40 


.035 
.89 


.019 
0.48 


.030 
.76 


PHI 


0" 


8° 


0° 


8° 



150 Mil 
Includes: 

DS1000Z 

DS1004Z 

DS1012Z 

DS1033Z 

DS1035Z 

DS1040Z 

DS1218S 

DS1830 

DS2430 

DS2502 



200 Mil 
Includes: 

DS1232LPS-2 

DS1620S 

DS1651S 

DS1652S 

DS1652B 

DS1669S 

DS1820S 

DS1821S 

DS1869 
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MECHANICAL DRAWINGS 



16-, 20-, AND 24-PIN SOIC (300 MIL) 

k-H K *|GK 

IMIIM 




1 



B H 



Includes: 






DS1000S 


DS1221S 


DS1259S 


DS1005S 


DS1222S 


DS1267S 


DS1007S 


DS1231S 


DS1336S 


DS1010S 


DS1228S 


DS1609S 


DS1013S 


DS1229S 


DS1632S 


DS1020S 


DS1232S 


DS1640S 


DS1045S 


DS1232LPS 


DS1653S 


DS1200S 


DS1234S 


DS1666S 


DS1205S 


DS1236S 


DS1667 


DS1206 


DS1237S 


DS1867 


DS1210S 


DS1238S 


DS1868 


DS1211S 


DS1239S 


DS2404S-C01 



PKG 


16-PIN 


20-PIN 


24-PIN 


DIM 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


A IN. 
MM 


0.402 
10.21 


0.412 
10.46 


0.500 
12.70 


0.511 
12.99 


0.602 
15.29 


0.612 
15.54 


BIN. 
MM 


0.290 
7.37 


0.300 
7.65 


0.290 
7.37 


0.300 
7.65 


0.290 
7.37 


0.300 
7.65 


CIN. 
MM 


0.089 
2.26 


0.095 
2.41 


0.089 
2.26 


0.095 
2.41 


0.089 
2.26 


0.095 
2.41 


E IN. 
MM 


0.004 
0.102 


0.012 
0.30 


0.004 
0.102 


0.012 
0.30 


0.004 
0.102 


0.012 
0.30 


FIN. 
MM 


0.094 
2.38 


0.105 
2.68 


0.094 
2.38 


0.105 
2.68 


0.094 
2.38 


0.105 
2.68 


GIN. 
MM 


.050 BSC 
1.27 BSC 


H IN 
MM 


0.398 
10.11 


0.416 
10.57 


0.398 
10.11 


0.416 
10.57 


0.398 
10.11 


0.416 
10.57 


J IN 
MM 


0.009 
0.229 


0.013 
0.33 


0.009 
0.229 


0.013 
0.33 


0.009 
0.229 


0.013 
0.33 


KIN. 
MM 


0.013 
0.33 


0.019 
0.48 


0.013 
0.33 


0.019 
0.48 


0.013 
0.33 


0.019 
0.48 


LIN 
MM 


.016 
.40 


.040 
1.02 


.016 
.406 


.040 
1.20 


.016 
.40 


.040 
1.02 


PHI 


0" 


8° 


0° 


8° 


0° 


8° 
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20-PIN TSSOP 



L D 

n 




nnnnnnnnnn 








E H 


uuuuuuuuuu 





Includes: 

DS1033E 

DS1035E 

DS1802 

DS1867 

DS2430 



T( 




SEE DETAIL A 



A1 







— =H L 


j 


L 


[7 L g 



DETAIL A 



DIM 


MIN 


MAX 


A MM 




1.10 


A1 MM 


0.05 




A2MM 


0.75 


1.05 


C MM 


0.09 


0.18 


L MM 


0.50 


0.70 


e1 MM 


0.65 BSC 


B MM 


0.18 


0.30 


D MM 


6.40 


6.90 


EMM 


4.40 NOM 


G MM 


0.25 REF 


H MM 


6.25 


6.55 


phi 


0° 


8° 
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Includes: 

DS1233 

DS1233A 

DS1233D 

DS1833 

DS2223 

DS2224 

DS2401 

DS2405 

DS2430 

DS2502 

DS2505 



PKG 


TO-92 


DIM 


MIN 


MAX 


A IN. 
MM 


0.175 
4.45 


0.195 
4.96 


B IN. 
MM 


0.170 
4.32 


0.195 
4.96 


CIN. 
MM 


0.500 
12.70 


0.610 
15.49 


DIN. 
MM 


0.016 
0.406 


0.022 
0.559 


EIN. 
MM 


0.095 
2.41 


0.105 
2.67 


FIN. 
MM 


0.045 
1.14 


0.060 
1.52 


GIN. 
MM 


0.45 
1.14 


0.060 
1.52 


H IN 
MM 


0.085 
2.16 


0.095 
2.41 


1 IN 
MM 


0.130 
3.30 


0.155 
3.94 


JIN 


0.014 
0.35 


0.020 
0.51 
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3L D2PAK (TO-220 TABLESS) 




I — 



PKG 


TO-220 


DIM 


MIN 


NOM 


MAX 


A 


0.386 


0.396 


0.406 


B 


0.410 


0.420 


0.430 


C 


0.160 


0.170 


0.180 


D 


0.035 


0.045 


0.055 


e 


0.095 


0.105 


0.115 


F 


0.025 


0.035 


0.045 


G 


0.125 


0.135 


0.145 


H 


0.265 


0.275 


0.285 


1 


0.195 


0.205 


0.215 


J 


0.088 


0.098 


0.108 


K 


0.080 


0.090 


0.100 


L 


0.040 


0.050 


0.060 


M 


0.070 


0.080 


0.090 



NOTES: 

1 . Dimensions F and M are measured to the cen- 
ter of radius. 



2. All dimensions are shown in inches. 
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3L TO-220 




PKG 


TO-220 


DIM 


M1N 


NOM 


MAX 


A 


0.165 


0.175 


0.185 


b 


0.024 


0.032 


0.040 


b1 


0.042 


0.050 


0.058 


C1 


0.012 


0.015 


0.018 


D 


0.573 


0.588 


0.603 


E 


0.394 


0.404 


0.414 


E1 


0.390 


0.400 


0.410 


e 


0.090 


0.100 


0.110 


e1 


0.190 


0.200 


0.210 


e3 


0.045 


0.050 


0.055 


F 


0.045 


0.050 


0.055 


H1 


0.236 


0.248 


0.260 


J1 


0.095 


0.105 


0.115 


L 


0.535 


0.545 


0.555 


L1 


0.220 


0.230 


0.240 


P 


0.146 


0.151 


0.156 


Q 


0.100 


0.108 


0.116 


S 


0.465 


0.475 


0.485 


T 


0.195 


0.205 


0.215 



J1- 



C1 • 




All dimensions are shown in inches. 
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3L DPAK (TO-252) 



Includes: 

DS1837 




TT 



e1 



PKG 


TO-252 


DIM 


MIN 


NOM 


MAX 


A 


0.080 


0.090 


0.100 


A1 


0.035 


0.040 


0.045 


b 


0.025 


0.030 


0.035 


b2 


0.205 


0.210 


0.215 


b3 


0.030 


0.035 


0.040 


b4 


0.020 


0.025 


0.030 


C1 


0.018 


0.020 


0.023 


D 


0.230 


0.240 


0.250 


E 


0.250 


0.260 


0.270 


F1 


0.020 


0.025 


0.030 


L 


0.090 


0.100 


0.110 


L1 


0.010 


0.025 


0.040 


L2 


0.030 


0.040 


0.050 


L3 


0.021 


0.024 


0.028 


L4 


0.033 


0.038 


0.043 


M 


0.165 


0.175 


0.185 


e1 


0.170 


0.180 


0.190 


R 


0.008 


0.010 


0.012 



NOTE: 

1 . Dimensions L3 and L4 are measured to the 
center of radius. 

2. All dimensions are shown in inches. 
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SOT-223 PACKAGE 



- D- 
BH 



«- S 



Includes: 

DS1233 

DS1233A 

DS1233D 

DS1833 

DS2223 

DS2224 

DS2401 

DS2405 





DIM 


INCHES 


MIN 


MAX 


A 




0.067 


B 


0.025 


0.033 


B 


0.116 


0.124 


C 


0.009 


0.013 


D 


0.248 


0.263 


E 


0.0905 TYP. 


E1 


0.181 TYP. 


E 


0.130 


0.145 


H 


0.264 


0.287 


L 


0.016 


0.036 


S 


0.033 


0.041 


X 


10" MAX 


Y 


10° 


20° 


Z 


10° 


20° 
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8- TO 20-PIN GULLWING (300 MIL) 

T 

B 



< 




hzr 1 L ~n J hrr 1 L n i Sir 1 L n J "rr 1 L n J 
h A *| 



K**IK| t 



44 



Includes: 

DS1000G 

DS1000H 

DS1003G 

DS1003H 

DS1005G 

DS1005H 

DS1010G 

DS1012H 

DS1013G 

DS1013H 

DS1040H 

DS1044G 



PKG 


8-PIN 


14-PIN 


16-PIN 


20-PIN 


DIM 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


A IN. 


0.345 


0.400 


0.740 


0.780 


0.740 


0.780 


0.960 


1.040 


MM 


8.76 


10.16 


12.19 


13.20 


18.79 


9.81 


24.38 


26.41 


BIN. 


0.240 


0.260 


0.240 


0.260 


0.240 


0.260 


0.240 


0.260 


MM 


6.10 


6.60 


6.10 


6.60 


6.10 


6.60 


6.10 


6.60 


CIN. 


0.120 


0.140 


0.120 


0.140 


0.120 


0.140 


0.120 


0.140 


MM 


3.05 


3.56 


3.05 


3.56 


3.05 


3.56 


3.05 


3.56 


□ IN. 


0.300 


0.325 


0.300 


0.325 


0.300 


0.325 


0.300 


0.325 


MM 


7.62 


8.26 


7.62 


8.26 


7.62 


8.26 


7.62 


8.26 


EIN. 


0.020 


0.040 


0.020 


0.040 


0.020 


0.040 


0.020 


0.040 


MM 


0.51 


1.02 


0.51 


1.02 


0.51 


1.02 


0.51 


1.02 


G IN. 


0.090 


0.110 


0.090 


0.110 


0.090 


0.110 


0.090 


0.110 


MM 


2.29 


2.79 


2.29 


2.79 


2.29 


2.79 


2.29 


2.79 


J IN. 


0.008 


0.012 


0.008 


0.012 


0.008 


0.012 


0.008 


0.012 


MM 


0.20 


0.30 


0.20 


0.30 


0.20 


0.30 


0.20 


0.30 


KIN. 


0.015 


0.021 


0.015 


0.021 


0.015 


0.021 


0.015 


0.021 


MM 


0.38 


0.53 


0.38 


0.53 


0.38 


0.53 


0.38 


0.53 


LIN. 


0.030 


0.050 


0.030 


0.050 


0.030 


0.050 


0.030 


0.050 


MM 


0.76 


1.27 


0.76 


1.27 


0.76 


1.27 


0.76 


1.27 


MIN. 


0.370 


0.420 


0.370 


0.420 


0.370 


0.420 


0.370 


0.420 


MM 


9.40 


10.67 


9.40 


10.67 


9.40 


10.67 


9.40 


10.67 


N IN. 


0.160 


0.180 


0.160 


0.180 


0.160 


0.180 


0.160 


0.180 


MM 


4.06 


4.57 


4.06 


4.57 


4.06 


4.57 


4.06 


4.57 
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MECHANICAL DRAWINGS 



16- AND 24- PIN ENCAPSULATED PACKAGE 
(FLUSH BOTTOM - 450 MIL.) 




DS1287 
DS1287A 
DS1290 
DS1292 



T 

C E 



TTTTTT TTTTTT- 

d -HK~ K ~H G 



EQUAL SPACES AT 
.100 ± .010 TNA 



B 



PKG 


16-PIN 


24-PIN 


DIM 


MIN 


MAX 


MIN 


MAX 


A IN. 
MM 


0.820 
20.83 


0.840 
21.34 


1.310 
33.27 


1.330 
33.78 


BIN. 
MM 


0.440 
11.18 


0.460 
11.68 


0.440 
11.18 


0.460 
11.68 


C IN. 
MM 


0.330 
8.38 


0.370 
9.40 


0.330 
8.38 


0.370 
9.40 


DIN. 
MM 


0.180 
4.57 


0.210 
5.33 


0.215 
5.46 


0.245 
6.22 


E IN. 
MM 


0.020 
0.51 


0.040 
1.02 


0.020 
0.51 


0.040 
1.02 


FIN. 
MM 


0.110 
2.79 


0.140 
3.56 


0.110 
2.79 


0.140 
3.56 


G IN. 
MM 


0.090 
2.29 


0.110 
2.79 


0.090 
2.29 


0.110 
2.79 


H IN 
MM 


0.330 
8.38 


0.380 
9.65 


0.330 
8.38 


0.380 
9.65 


J IN 
MM 


0.008 
0.20 


0.012 
0.31 


0.008 
0.20 


0.012 
0.31 


KIN. 
MM 


0.015 
0.38 


0.021 
0.53 


0.015 
0.38 


0.021 
0.53 
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44-PIN QUAD FLAT PACK (PRELIMINARY) 



34 c 



44 m= 



33 



" D " 
D1 



23 




Includes: 
DS1280 



22 



E1 E 



12 



ei-* r * 



11 

- B 



0.15 + 0.05 I 




0-12° 



PKG 


10X10 BODY 


14X14 BODY 


DIM 


MIN 


MAX 


MIN 


MAX 


A MM 




2.45 




3.4 


B MM 


0.30 


0.45 


0.20 


0.50 


C MM 


0.13 


0.23 


0.10 


0.20 


D MM 


13.65 


14.35 


16.95 


18.00 


EMM 


13.65 


14.35 


16.95 


18.00 


D1 MM 


9.90 


10.10 


13.80 


14.20 


E1 MM 


9.90 


10.10 


13.80 


14.20 


L MM 


0.65 


0.95 


0.50 


1.10 


el IN 
MM 


0.315 
0.80 BSC 


0.039 
1 .00 BSC 
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80-PIN QUAD FLAT PACK (14.0 MM X 20.0 MM) 

Includes: 




PKG 


80-PIN 


DIM 


MIN 


MAX 


A IN. 
MM 


0.11 
2.80 


0.128 
3.25 


BIN. 
MM 


0.010 
0.25 


0.020 
0.45 


e1 IN. 
MM 


0.031 BSC 
0.80 BSC 


D1 IN. 
MM 


0.781 
19.85 


0.793 
20.15 


E1 IN. 
MM 


0.545 
13.85 


0.557 
14.15 


EIN. 
MM 


0.688 
17.50 


0.720 
18.30 


D IN. 
MM 


0.921 
23.40 


0.953 
24.20 


LIN 
MM 


0.025 
0.65 


0.038 
0.95 


phi 


0° 


8° 
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28- AND 32- PIN PLASTIC LEADED CHIP CARRIERS (PLCC) 

^ H I— h 

. t , [—1 i i i i i i r~ 



45Deg. 
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28- Pin Includes: 

DS1212Q 



r< 



[ 
[ 
t 

B[ 

[ 

[ 
[ 



T 




32-Pin Includes: 

DS2009Q 
DS2010Q 
DS2011Q 
DS2012Q 



PKG 


28-PIN 


32-PIN 


DIM 


MIN 


MAX 


MIN 


MAX 


A IN. 
MM 


0.300 BSC 
7.62 


0.400 BSC 
10.16 


BIN. 
MM 


0.445 
11.30 


0.460 
11.68 


0.442 
11.30 


0.460 
11.68 


B1 IN 
MM 


0.013 
0.33 


0.021 
0.53 


0.013 
0.33 


0.021 
0.53 


C IN 
MM 


0.027 
0.68 


0.33 
0.84 


0.027 
0.68 


0.33 
0.84 


DIN. 
MM 


0.480 
12.19 


0.500 
12.70 


0.480 
12.19 


0.500 
12.70 


D2 IN. 
MM 


0.390 
9.91 


0.430 
10.92 


0.390 
9.91 


0.430 
10.92 


E IN. 
MM 


0.090 
2.29 


0.120 
3.05 


0.060 
1.52 


0.095 
2.41 


E2IN. 
MM 


0.390 
9.91 


0.430 
10.92 


0.490 
12.45 


0.530 
13.46 


FIN. 
MM 


0.020 
0.51 


0.015 
0.38 


G IN 
MM 


0.480 
12.19 


0.500 
12.70 


0.580 
14.7 


0.600 
15.24 


HIN 
MM 


0.165 
4.19 


0.180 
4.57 


0.100 
2.54 


0.140 
3.56 
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ELECTRONIC KEY/TAG 



45> 



K 



r equal spaces at 
*~ 100±.010(TNA) 



a D o o o o- 



3H 



KEY/TAG CAP 




PKG 


ELECTRONIC 

KEY/TAG 


KEY/TAG 
CAP 


DIM 


MIN 


MAX 


MIN 


MAX 


A IN. 
MM 


0.610 
15.50 


0.650 
16.51 


0.790 
20.07 


0.810 
20.57 


BIN. 
MM 


0.740 
18.80 


0.760 
19.30 


0.680 
17.27 


0.700 
17.78 



CIN. 
MM 


0.310 
7.87 


0.355 
9.02 


0.405 
10.29 


0.425 
10.80 


DIN. 
MM 


0.100 
2.54 


0.110 
2.79 


0.290 
7.37 


0.310 
7.87 


EIN. 
MM 


0.505 
12.83 


0.515 
13.08 


0.410 
10.41 


0.430 
10.92 


FIN. 
MM 


0.100 
2.54 


0.110 
2.79 
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CYBERCARD PACKAGE, NON-POLARIZED 

LV DDDDD Z ) 



GROUND 
f CONTACT 



3.380*0.010 



2.12Si 0.010 



CYBERCARD PACKAGE, POLARIZED 

( LV ggooo VJ J 

GROUND 
s ^~ CONTACT 



3.380 ±0.010 




0.147 REF- 



BODY 



0.268 



-0.004 



iVER 
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NON-VOLATILE READ/WRITE CARTRIDGE 
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BYTEWIDE CABLE HARNESS 
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NOTES: COLOR STRIPE INDICATES PIN 1 
END ON 28-PIN PULG. 
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